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GENERAL INTRODUCTION 
Explanation of dissertation format 
This dissertation is presented in the alternate 
style that is outlined in the Graduate College Thesis 
Manual, Iowa State University, Ames, lA (Revised ed., 
1990). The dissertation consists of a general 
introduction followed by individual papers that have been 
prepared for submission to scholarly journals. Figures 
and tables are numbered separately in each paper. These 
are followed by an overall summary section that serves to 
unite the individual papers. A literature cited section 
of references made in the general introduction and 
overall summary follows the overall summary. 
The papers included in the dissertation are 
presented in three sections; The first section is a 
mathematical elaboration of my way of understanding the 
Method of Synecological Coordinates (MSC) (Bakuzis, 
1959). When I was first exposed to it by Dr. Rolfe 
Leary, I found it to be a very interesting tool to use 
for vegetation analysis. I was amazed by its 
mathematical simplicity and, at the same time, by the 
profound ideas behind it. The use of vegetation and 
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botanical information to quantify environments with 
synecological scores motivated me to find a quantitative 
answer to the problem of how to assess site quality. A 
numerical algorithm is useful as long as it has an 
ecological meaning attached to it. Academic exercises 
with very sophisticated mathematical algorithms follow, 
in most cases, an inductive way of thinking, which 
narrows the possibilities of seeing the forest as a whole 
with its own characteristics, and, therefore, narrows the 
potential for a rational use of this natural resource. 
While reading through Dr. Bakuzis' dissertation 
(Bakuzis, 1959), I was impressed by his ability to 
synthesize ideas from the study of environmental 
interactions in Latvia and Minnesota forests. I was also 
impressed by all of the calculations he must have done in 
order to present the results of his work. Because I had 
neither the time nor the patience to do so many 
calculations, I wrote a computer program to accomplish 
this task, with the assistance from Dr. C. Mize in the 
Forestry Department at Iowa State University (ISU). 
SYCOOR, SYnecological COORdinates, was initially written 
for my personal use, but later Gary Brand from the North 
Central Forest Experiment Station became interested in 
it. Thanks to Gary and comments from Drs. D. Grigal and 
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E. Bakuzls from the University of Minnesota and Dr. J. 
Kotar from the University of Wisconsin, SYCOOR was 
expanded and improved. SYCOOR now performs most of what 
is needed to do MSC with presence/absence data. 
The second section is the result of a thought 
process initiated when I took the course Plant 
Communities (BOT 584) taught by Dr. D. Glenn-Lewin at 
ISU. It helped me integrate some ideas that I had from 
my forestry and statistics background. It stimulated me 
to study more keenly the use of statistical tools in 
vegetation analysis. It was then that I realized that in 
order to be able to use a mathematical algorithm for 
vegetation analysis, some restrictions have to be imposed 
if the results are to be reproducible and understood by 
other scientists. First, a restriction on the area of 
study is needed to provide a sound basis for comparison. 
And, secondly, the mathematical algorithm must contain a 
method to include known vegetation information prior to 
inputing the field data, so that results can be 
interpreted in a more objective way. A theoretical 
discussion on concepts needed to impose those 
restrictions and a comparison of MSC with common 
ordination techniques are the objectives of the second 
section. 
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The third section deals with an application of the 
first two sections to develop a methodology to assess 
site quality in tropical forests. It combines ideas from 
the second section with ideas that I developed after 
taking the Forest Ecology and Silviculture courses taught 
by Drs. R. Schultz and R. Hall and the Forest Soils 
course taught by Dr. J. Sandor at ISU. This section is 
concerned with evaluating the relation of site 
synecological scores (environmental quantifiers) with 
site physiognomic characteristics and then using the 
relation to predict site environments from a few 
diagnostic site characteristics. With this information, 
plant species with some potential growth can be chosen 
for individual sites. This section establishes two basic 
models and the hypotheses on which the methodology is 
based. It also presents tests of the assumptions by 
using a data set from central Costa Rica. The data were 
collected in Costa Rica from February to April 1991, and 
the work was organized and directed by the candidate. 
The participation of Dr. C. Mize (coauthor) was very 
important to highlight the need for some testing 
procedures to make the basic model more reliable. 
Discussion of results with him was very important for the 
final version of this section. A field team, consisting 
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of two graduate students in Biology, in-country 
transportation, soil laboratory analysis, and travel 
expenses were funded by the University of Costa Rica. 
Iowa State University, The College of Agriculture, and 
the Dr. Farnsworth Memorial Fellowship from the 
Department of Forestry, funded travel expenses to and 
from Costa Rica^ 
Tropical forest site quality assessment; An approximation 
in Costa Rica 
Tropical forestry has received the world's attention 
for some years. Much has been said, but very little has 
been done about developing an integral solution to the 
problems affecting the rational use of tropical natural 
resources. 
Managing tropical forests is the domain of domestic 
governments, which tend to be economically poor. It 
should have the support of governments of rich nations 
because part of the problem that tropical countries face 
nowadays is due to the continuing exploitative trade 
practices of rich nations. It is also in the best 
interest of the world because the misuse of this resource 
might adversely affect the whole planet. 
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This support has been well received in many 
instances, but in others it has been lamentable. Repetto 
(1990) reported that some development assistance agencies 
are still financing activities that are destructive to 
tropical forests. For example, The GREENS (1988, p. 4) 
gave notice that "in most cases, reforestation measures 
financed by the German federal government do not involve 
replanting the correct kinds of trees for the areas 
involved. Preference is shown for fast-growing trees 
that - plantation-like - can be harvested in a few 
years." Such assistance does not permit the 
reestablishment of native ecosystems and exemplifies and 
reinforces the lack of knowledge about tropical forest 
management. 
An important component of forest management is 
assessing the potentialities of sites. As Brasnett 
(1953, p. 13) stated, 
Forest management is not a subject in itself, 
but is the practical application of science, 
technology, and economics to forest estate for 
the production of certain desired results ... 
It consists essentially in assessing the 
potentialities of a given area, in deciding 
what within these potentialities is desired 
from it. 
Although a number of techniques have been developed 
for assessing productivity of temperate forests, no 
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techniques have been developed for tropical forests that 
adequately serve foresters in their daily work. 
There are three reasons, listed below, why foresters 
assess the potentialities of a site (Philip, 1983): 
I - As a criterion in land use allocation 
and development planning. 
The combination of climate, soil groups, and 
vegetation associations is the most common basis for this 
kind of assessment. It reflects the growth potential and 
constraints on the use of a site, which need to be known 
when deciding on land use allocation. 
II - As the basis for the choice of 
species for planting and prediction 
of growth. 
Referring to black walnut fJualans nigra) 
plantations in the United States, Schneider et al. (1968) 
stated that after a century of widespread tree planting 
in that country, relatively few good plantations of 
quality hardwoods exist. They said that species chosen 
frequently were ill-adapted to the planting sites, which 
resulted in poor growth and development. Such 
unsatisfactory performance was attributed to ignorance or 
a weak understanding of essential species-site 
requirements. 
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In some tropical regions, the method of matching 
species to site through indicator plants (plants that are 
associated with successful growth of particular species) 
has been used (Schonau, 1988). According to Philip 
(1983), in the Budongo forest of Uganda the grass 
Andropoaon aavanus shows sites more suited to 
afforestation with Eucalyptus camaldulensis than Pinus 
radiata. This method, however, has been successful only 
when evident relationships are present. Philip (1983) 
also points out that in West Africa considerable progress 
has been made in correlating the growth of teak (Tectona 
grandis) plantations with soil characteristics, notably 
exchangeable calcium. He concludes, however, that 
detailed ecological studies on which site classification 
could be based have yet to be done in the tropics. 
Ill - As the basis for forecasting the 
growth of managed forests, especially 
plantations, in order to plan 
investment and production. 
Most of the current research on site assessment in 
the tropics is in established artificial plantations and 
aimed at accurate growth prediction. As Clutter et al. 
(1983) point out, site quality has meaning only with 
respect to the one or more species that may be considered 
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for management at a particular location. The proper 
measurement and interpretation of site quality are 
important tasks for most managers. Product sizes and 
values at various ages are largely controlled by site 
quality and stand density. Certain investments that are 
justified on good sites are economic nonsense on less 
productive sites. Responses to certain silvicultural 
treatments often differ dramatically among areas of 
different site quality. 
Site quality assessment is, therefore, an important 
component of the framework for forest management. 
Another important component for forest management is the 
appraisal of site productivity, which cannot be developed 
without a site quality assessment. 
A general methodology to develop a forest site 
productivity assessment method might consist of three 
major components: 
(1) a study of the natural environment of 
the tree species of interest; 
(2) a study of the performance of those 
tree species under natural 
management, and 
(3) the integration of components (1) and 
(2). 
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Because the implementation of this methodology will 
require many years to develop, especially Component 2, 
the development of Component 1 was considered to be 
sufficient for a Ph.D. project. The following papers in 
this dissertation attempt to provide the tools for 
developing Component 1, which is basically an assessment 
of site quality. 
The study of the performance of tree species under 
natural management. Component 2, is related to the study 
of site productivity; therefore, appropriate 
silvicultural treatments need to be identified for the 
areas under study via experimentation. Once 
experimentation and knowledge are developed, the 
integration of Component 2 with Component 1 will provide 
a sound basis for a tropical forest site productivity 
assessment method. 
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SECTION I. SYCOOR: A COMPUTER PROGRAM FOR THE 
METHOD OF SYNECOLOGICAL COORDINATES 
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SYCOOR; A computer program for the method of 
synecological coordinates.^ 
Edgar E. Gutierrez Espeleta 
Department of Forestry, Iowa State University 
Ames, Iowa 50011 USA 
Paper prepared for submission to Canadian Journal of 
Botany 
^Journal Paper No. J-14460 of the Iowa Agriculture and 
Home Economics Experiment Station, Ames, Iowa. Project 
No. 2667. 
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ABSTRACT 
The results from applying the Method of 
gynecological Coordinates (MSG) are clear and easy to 
understand in terms of environmental coordinates. They 
are useful for forest ordination and classification, as 
has been shown in Minnesota and Wisconsin. The major 
problem with the application of MSG is that the 
computation of community synecological values and 
adjusted synecological scores for the species is time 
consuming. A computer program, SYGOOR, has been 
developed to solve this problem. 
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INTRODUCTION 
Synecological coordinates are relative "plant 
indicator" values. They provide, as Bakuzis (1969) 
stated, a set of ecosystem submodels from the species 
present in the ecosystem, which serve primarily to 
estimate the operational environment. 
The Method of Synecological Coordinates (MSC) was 
developed by Dr. Egolfs Bakuzis (1959). MSC uses the 
occurrence of plants to estimate moisture, nutrient, 
heat, and light values for the plant community. 
Synecological coordinates have been developed for 
Minnesota species by Bakuzis (1959) and Bakuzis and 
Kurmis (1978). If synecological coordinates are to be 
used in other regions, the Minnesota coordinates must be 
adjusted (if Minnesota species exist there), and (or) 
synecological coordinates must be estimated for new 
species. 
SYCOOR, short for SYnecological COORdinates, is a 
computer program that implements the method of 
synecological coordinates. SYCOOR produces a summary of 
average synecological values by species, plots, and 
starting coordinate values. Also, it offers an option of 
obtaining linear approximations to adjusted species 
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coordinate values. The basic data needed to draw 
ecographs can be saved in ASCII files to be further 
processed by software with graphics capabilities. 
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A BASIC GUIDELINE 
The method of synecological coordinates, as Bakuzis 
(1959) stated, assigns an average value to each species 
according to its prevailing occurrence under conditions 
of competition (average value for a niche) on a relative 
scale from 1 (lowest intensity) to 5 (highest intensity) 
along moisture (M), nutrient (N), heat (H), and light (L) 
axes. 
The MSG provides information on the ecological 
requirements or adaptations of species to essential 
environmental factors. Ecographs are conceived as the 
graphical representation of the species occurrence in 
different communities in terms of community coordinates. 
They represent the synecological distribution of the 
species. Of the six possible bivariate combinations, the 
combinations nutrient-moisture and light-heat are the 
most important. They are called the edaphic and climatic 
fields, respectively. 
To develop coordinates for a new species, initial 
estimates of the moisture, nutrient, heat, and light 
required by the species are needed (Bakuzis, 1959; Brand, 
1985). The estimated values are derived from 
descriptions of the plant's habitat in literature. The 
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following steps produce synecological coordinates for new 
species: 
1) Define the sampling frame; i.e., the area of study 
(e.g., forest types or regions, or some other 
classification). 
2) Define sample plot size and sample size (K). 
3) Take samples assuring that the K plots to be visited 
will give a good representation of the different 
environments encountered in the area under study. 
4) Within each plot, record each species present. 
5) From all plots, make a list of all species found. 
Group them by trees, shrubs, and other classes 
desired (life form groups). Assign an identification 
number to each plant species. 
6) For each species, assign a synecological value 
representing the species adaptations to, or 
requirements for, moisture (M), nutrients (N), heat 
(H), and light (L). These values are obtained from 
literature, or a plant taxonomist can estimate them. 
7) Regroup the plant species by plots in which they 
were found. Keep the species ID number given in step 
5. 
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COMPUTATIONS 
SYCOOR calculates the following values: 
Let equal the j-th synecological coordinate for the 
i-th species in the k-th sampling plot, where 
i = 1, 2 , ,  I and I = total number of plant 
species found in the 
reconnaissance 
j = 1(M), 2(N), 3(H), 4(L) synecological 
coordinates, as 
previously defined and, 
k=l, 2,..., K , arid K = total number of plots. 
Let equal the plot synecological coordinate; i.e., 
i=Ik 
^.jk~ ( ^ijk^ / 
2=1 
where = number of plant species in the k-th 
sampling plot. 
values refer to the environmental factors 
(under competitive conditions) of the whole plot. 
Let Pii!^ = 1 if the i-th species is present in the k-th 
plot 
= 0 otherwise. 
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Then, the mean of the plot averages of the j-th 
synecological coordinate, where the i-th species was 
present, is: 
k=K k=K 
ic=l k=l 
These values represent the mean of plot 
synecological coordinates where the i-th species was 
found. 
Now let Vij^ = 1 if the i-th species has the r-th rank 
for the j-th coordinate 
= 0 otherwise r = 1, 2, 3, 4, 5 
The r-values are integer numbers that correspond to 
initial scores for each species synecological coordinate 
used at the beginning of the computational section. 
Then, the mean plot synecological coordinates by 
initial species coordinate scores is given by: 
i=l 2=1 
These values provide the information needed to 
construct a table of species-initial score versus average 
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plot values by coordinate. The average for each 
coordinate over the five species scores is the 
synecological value for the area under study. 
If conventional notation for quantitative ecology is 
used, the basic calculations for MSG can be expressed in 
the following fashion. 
Let £ be the matrix containing 's' species, each 
with its respective synecological value for each 
environmental factor complex. ^ is a sx4 matrix 
because moisture, nutrient, heat, and light are being 
considered as the major environmental factors. 
Let a be a sxp matrix containing the data on s 
species (rows of the matrix) and p plots or sites 
(columns of the matrix). These data can be 
presence/absence data, or abundance data, or any other 
descriptive measurement of vegetation characteristics. 
Then, the plot synecological coordinates are given 
by the matrix E defined as: ^ =QLA& ^ where 
4*p 
£ = [diag{èll.llA)] • i is a sxl vector of I's. 
pxp 
Matrix E has synecological coordinates as rows and 
site synecological values as columns. 
The average site synecological value for each 
species is obtained as follows. 
Let 12 be a matrix such that (g^^) = {J otAeîvise ' 
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jS has the same dimensions'as A (i.e., sxp); then 
K =Ei^ a , where ^ = IdiagiQ X l! and 1 is a pxl 
iX8 BXB 
vector of I's. 
Matrix K has synecological coordinates as rows and 
species average site synecological value as columns. 
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CALIBRATION 
If adjustments to the Minnesota coordinates are 
necessary, the following steps outline a procedure to 
accomplish this assignment. 
The calibration of the species synecological values 
is done by using each coordinate separately. 
- Plot against r. 
- Draw a curve through the points. 
- Locate a corresponding to the i-th species along 
the Y-axis, go to the curve, and read the adjusted 
value for the j-th coordinate for this i-th species 
on the X axis. 
For example, to calibrate species moisture 
synecological values, graph community synecological 
values ( ) against initial species scores (r). A 
community synecological value that corresponds to an 
initial moisture score of 3 is obtained by averaging all 
plot synecological values for moisture that contain 
species exhibiting initial scores of 3 for that 
coordinate. The adjustment of the initial species score 
for moisture must be made in terms of community values 
( ^iM. ) for the species being adjusted. For any species 
in a specific region, the mean moisture of all the plot 
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synecological values where this species was present 
determines, through the graph, the species score along 
the X-axis. This becomes the adjusted moisture score for 
that species in that particular region. 
If initial scores given to plant species come from 
questionable sources, they have to be adjusted for the 
particular environment where they were found. The 
adjustment, in this case, is a iterative process that 
should not be stopped until the scores converge for the 
four coordinates. Convergence gives stable scores in 
community terms. 
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ECOGRAPHS 
A geometric representation of the requirements or 
adaptation of a species to two or more environmental 
factors can be obtained by ecographs. With this 
procedure it is possible to visualize general 
relationships between a plant species and its 
environmental complex. The most useful factor 
combinations are those of moisture and nutrients 
coordinates (edaphic field) and heat and light 
coordinates (climatic field). 
For each species within a SU, values, where that 
species is present, are used to form the bivariate plots; 
i.e., against 5"^^ would give the edaphic field, 
and S xjt vs S would give the climatic field. 
Frequencies are computed in individual ecotopes 
(unit area of space in synecological coordinates or any 
pair combination in the ecograph) by dividing the number 
of plots containing the species over the total number of 
plots in the ecotope. Frequencies are expressed as 
percentage, and isolines are drawn at, for example, 1, 40 
and 70%. 
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A DESCRIPTION OF SYCOOR 
SYCOOR is a user-friendly, menu-driven computer 
program. SYCOOR offers a data-entering option, for which 
the data set has to be organized as explained in steps 5, 
6, and 7 in the "BASIC GUIDELINES." 
SYCOOR also has the capability of reading either a 
data file created (saved) by SYCOOR or two files created 
by the user in ASCII format (by using, for example, a 
spreadsheet). One file is the species-site matrix (the 
S-S matrix), which has species as rows and sites as 
columns. It might contain abundance, cover, or any other 
descriptive measurement of vegetation characteristics. 
SYCOOR converts the S-S matrix to presence/absence data. 
The second file is the species-synecological coordinate 
matrix (the S-C matrix), which has species as rows and 
synecological scores for moisture, nutrient, heat, and 
light as columns. 
After proceeding with calculations, SYCOOR produces 
the following tables as outputs; 
Table 1. Plot synecological coordinates 
Table 2. Means of plot synecological 
coordinates by species 
26 
Table 3. Mean plot synecologlcal coordinates 
by initial species coordinate 
scores, and community values. 
Furthermore, SYCOOR performs linear interpolations 
to get adjusted values, which can be: i) saved in ASCII 
format, ii) printed out, and iii) utilized for more 
iterations. 
The adjusting rules used by SYCOOR establish that a 
species has to be present in at least 5 plots to have its 
coordinate scores adjusted. Also, they rule that if a 
species has lower than the lowest community value for 
that coordinate, then it takes the score corresponding to 
the community value. The same rule applies for the upper 
bound, i.e., if a species has greater than the 
greatest value for that coordinate in community terms, 
then it takes the score corresponding to the community 
value. 
SYCOOR offers an option of saving a file with the 
data needed to make ecographs if statistical software is 
available. 
A copy of the source code of SYCOOR can be obtained 
from the author. 
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ABSTRACT 
It is proposed that new units of ecological research 
using climate and soil stratification will improve 
communication and utilization of research results amongst 
ecologists. It is also stated that within these new 
units of study, the method of synecological coordinates 
provides better insights into vegetation dynamics. 
A small published data set was used to compare the 
method of synecological coordinates with three ordination 
techniques. The method of synecological coordinates 
classified sampling units and plant species in the 
ecosystem space more easily than did the other 
techniques. 
Key words: climate, community, coordinates, ordination, 
soil, synecology. 
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INTRODUCTION 
Interpretation is an extremely important component of 
most ordination techniques currently in use. Usually, 
environmental characteristics are related to the results 
obtained from mathematical algorithms, and an ecological 
explanation of observations is developed. Even with 
ordination methods accounting for "artificial" 
distortions, a major shortcoming of interpretation is its 
subjectivity, which can be improved only by field 
experience (Hill and Gauch, 1980). 
The subjectiveness embedded in interpretation is due 
mainly to the origin of the interpretation itself, which 
is the product of the knowledge, past experience, and 
expectations of the person doing the interpretation 
(Chalmers, 1987). For example, most of us can 
distinguish a cube if drawn on a piece of paper because 
we have been taught to see such a three dimensional 
figure when drawn on a plane. If the same drawing were 
shown to an aborigine, he or she might just see a mess of 
lines. The way we look at things or the way we interpret 
things is based on our own past, or as Mueller-Dombois 
(1988, p. 2620) stated, "Every scientist, like any 
biological organism, is a product of a specific history." 
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Leaving the interpretation — for instance of why 
plants appear on one site, or of which environmental 
gradient explains the distribution of plant assemblages — 
as the sole criterion of the worker is neither sufficient 
nor, in many cases, robust in explaining the level of 
organization of a particular vegetation. There is a need 
for better interpretative mechanisms, i.e., quantitative 
ones or, at least, semi-quantitative ones. 
The search for patterns is a driving force for 
scientific work. The search for the underlying patterns 
of organization in biological communities is the broad 
aim of vegetation ecology (Mueller-Dombois, 1988). The 
manner in which the search is done has to obey basic 
ecological principles, such as the interactions between 
biotic and environmental (atmospheric, topographic, 
edaphic, etc.) factors, i.e., it has to consider the 
ecosystem space. 
A brief discussion on basic concepts, such as 
ecosystem, community, and working unit for ecological 
studies is presented in the following paragraphs. The 
Method of gynecological Coordinates (MSG) is then 
presented as a method for integrating vegetational and 
environmental analyses. Finally, MSG is compared with 
conventional ordination methods. 
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BASIC CONCEPTS: A CRITICAL REVIEW 
A forest consists of all the biotic and abiotic 
elements contained in a specific vegetated location, with 
trees as the most obvious physiognomic characteristic. 
A forest is continuously changing because of the 
interaction between the environment and its biotic 
components. This permanent state of change makes forests 
tend toward new levels of plant organization, opening the 
way for new interactions between the components. These 
new interactions cause forests to change to other levels 
of organization, which, in turn, induce new adjusting 
interactions. The major characteristic of this process 
is that it is endless, i.e., the forest is always 
changing, creating new interactions, sometimes very 
evident and sometimes very subtle, depending upon the 
life form observed or studied and the spatial and 
chronological scales. The new levels of plant 
organization formed in this process exhibit new modes of 
action (new patterns) and new properties (new 
"qualities") that cannot be conceived of by the plants 
themselves. As Lange (1965) stated, the "whole" 
possesses attributes distinct from those of its 
constituent elements. 
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This dynamic characteristic of vegetation communities 
has led some scientists to misconceive vegetation 
organization-development. 
On one hand, there are those who give "the whole" 
distinct properties and modes of action (called 
metaphysical finalism by Lange (1965) or climax 
vegetation by Clements (as cited by Kimmins (1988)). 
Clements conceived a linear development or succession 
towards a final community. 
On the other hand, there are those who look at the 
properties and modes of action of a whole as explained by 
the properties of its constituent elements (called 
mechanicism by Lange (1965), reductionism by van der Valk 
(1981), or individualist approach by Gleason (1926)). 
Gleason stated that the properties of vegetation depend 
completely on the properties of its constituent 
individual plants (Miles, 1982). This statement implies 
that a community is nothing more than the sum of its 
parts, i.e., "communities are individualistic entities, 
in which the species are merely random assemblages and 
wherein each species is independently distributed" 
(Mueller-Dombois, 1988, p. 2621). 
These two extremes have prompted a tremendous amount 
of research and have helped to clarify important points. 
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such as that communities are not as tightly structured as 
organisms and that considering random assemblages as true 
community patterns is an extreme viewpoint (Mueller-
Dombois, 1988). Nevertheless, and as Miles (1982, p. 9) 
stated, "... a patch of vegetation does show, to a 
greater or lesser extent, the development of properties 
which are characteristic of the assemblage as a whole 
rather than of the component species and individuals." 
For example, mutualistic mechanisms and interactive 
benefits (such as nutrient transfer, energy transfer, 
increase of survival, etc.) and the recognition that 
natural selection affects,' and is a function of, the 
vegetation as a whole have been documented (Harper, 1977; 
Miles, 1982; Mueller-Dombois, 1988; Kimmins, 1988). 
This intrinsic changeable relation between "the 
whole" and its "parts" (the forest and its elements) 
demands that any interpretation of vegetation 
organization or plant distribution must consider the 
dichotomy whole-parts in its full spectrum. It must 
consider the knowledge about the constituent elements, 
their interactions, dynamics, and their relation with the 
surroundings, as well as the modes of action and 
properties of the "whole". For this purpose, an 
ecological research working unit of study is needed. 
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Tansley (1935, as cited by Kimmins, 1988, p. 25) 
coined the term "ecosystem" to mean "not only the 
organism-complex, but the whole complex of physical 
factors forming what we called the environment." 
Whittaker (1975, p. 2) stated that "...A community and 
its environment treated together as a functional system 
of complementary relationships, and transfer and 
circulation of energy and matter, is an ecosystem." 
Kimmins (1988) sees six major attributes of the concept 
ecosystem: 1) structure, 2) function, 3) complexity, 4) 
interaction and interdependency, 5) no inherent 
definition of spatial dimensions, and 6) temporal change. 
Later, he points out that "the importance of the 
ecosystem concept lies in its explicit recognition of 
complexity, interaction, and functional processes. Its 
weakness lies in the difficulty of using the concept for 
the identification, mapping, description, and study of 
specific ecosystems because of its failure to define 
their physical boundaries." 
Austin (1985, p. 55) stated that 
In the current debate on research methods in 
ecology ... possible lessons from the 
continuum/community controversy are not 
considered. No discussion occurs about the 
meaning of the terms "community" or "species 
assemblage" ... If a continuum exists, then any 
studies of such communities will contain 
38 
variation that will be correlated with changes in 
environment. Hence, the estimation of statistics 
will be biased depending on the range of 
environment encompassed by the definition of 
community. 
Among all the factors that can be related to the 
environment, perhaps climate is the most influential, not 
only to vegetation but also to soil formation (Jenny, 
1980; Sukachev and Dylis, 1968; Pritchett and Fisher, 
1987). Harper (1977, p. 709) refers to soil and climate 
as the "raw physical features of the environment." 
The influence of climate and soils on plant 
organization has been recognized for a long time (Major, 
1951; Hills, 1952; Rowe, 1959; Piatt and Griffiths, 1964; 
Jones, 1967; Mueller-Dombois and Ellenberg, 1974; 
Holdridge, 1978; Walter, 1979; Jenny, 1980; Klinka et 
al., 1984; Kimmins, 1987). A biogeoclimatic ecosystem 
classification for British Columbia, Canada, was 
developed by Krajina (1965). This classification is 
based on the concept of biogeoclimatic zones, which in 
turn is derived from the concept of vegetation zones. A 
vegetation zone is considered to be a vegetation mosaic 
found in a specified geographic region or zone, which has 
a uniform macroclimate (Mueller-Dombois and Ellenberg, 
1974). Similarly, tropical research workers are 
recognizing the influence of climate and soil in 
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vegetation organization^. This macrostratification of 
the environment offers a better foundation for studying 
plant communities. 
Van der Maarel (1988, p. 11) defined plant community 
as "a part of vegetation consisting of interacting 
populations growing in a uniform environment and showing 
a floristic composition and structure that is relatively 
uniform and distinct from the surrounding vegetation." 
As Ashby (1956, p. 246) pointed out, "... Arbitrary or 
not, however, some boundary must always be drawn, at 
least in practical scientific work, for otherwise no 
definite statement can be made." 
With study units defined in terms of climate and soil 
(by using broad classifications), a method that 
integrates environment and vegetation analysis is needed 
to understand plant distribution and vegetation patterns. 
I believe that the method of synecological coordinates 
provides such integration. 
For this paper, community refers to a vegetation 
structure under a more or less stable macroenvironment. 
^At the Institute of Tropical Forestry in Puerto Rico 
(F. Wadsworth, 1990, personal communication) and at the 
Tropical Science Center in Costa Rica (R. Solorzano, 
1990, personal communication). 
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The method of synecological coordinates 
Livingston and Shreve (1921, cited by Bakuzis 1969a, 
p.198), stated that environmental factors can be 
categorized according to either their source of origin 
(climatic, edaphic, and biotic factors) or their mode of 
action (moisture, nutrient, heat, light, other radiation, 
and mechanical force). Further, Bakuzis (1969a, p. 198) 
asserts that factors "cannot be substituted or 
compensated" according to their mode of action; 
nevertheless, "organisms can tolerate a range of 
variation in factor intensities." This tolerance has 
been the basis for gradient analysis (Whittaker, 1975). 
If a study unit's environmental factors are analyzed 
according to their source of origin (inductive-deductive 
approach), generalizations are difficult to make because 
of the nature of the variables to be considered under 
this approach (pH, temperature, phosphorus or potassium 
levels, precipitation, and the like). These variables 
are usually spatially sensitive for small areas, in other 
words, they might change considerably in a fairly short 
distance. 
Bakuzis (1959, p. 44) considers factors "as 
constituents of ecosystems." They can affect an 
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element's responses at different levels: 1) in their 
effective form, causing responses from organisms; 2) in 
their conditioning form, determining the extent of the 
response from organisms to a factor of specific interest; 
and 3) in their indicating form, causing a response from 
organisms due to a confounded action of factor complexes. 
Whittaker (as cited by Bakuzis, 1959) pointed out 
that any plant or vegetation property can be used for 
indication purposes; presence/absence of species, 
dominance, and dominants by layers. Productivity and 
species richness, however, cannot be so simply assessed. 
Bakuzis (1969a, p. 198) points out that "space and 
time provide coordinates for object identification, while 
energy is a coordinate for system identification ... 
Since there is no substantial difference between matter 
and energy ...," matter can be used as "... an additional 
coordinate for identification of ecosystems. Moisture, 
nutrients, heat, and light are the four major coordinates 
for ecosystem classification." 
The objective of the method of synecological 
coordinates, according to Bakuzis (1959), is to 
investigate the arrangement or interrelation of all the 
elements of "wholes", the structure of ecosystems. This 
approach will help distinguish and classify plant 
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communities. it provides information to place a plant 
community in energy (heat, light, mechanical force) and 
matter (moisture, nutrient, air) coordinates. It 
stresses species behavior under competition scenarios. 
According to Bakuzis (1959), the selection of 
environmental factors to be used as coordinates with MSG 
should be properly identified. The use of factor 
complexes is inevitable, but factors different in nature 
should not be taken as factor complexes. The effective 
part of an environmental factor and the remainder factor 
potential that is out of reach of the organisms should be 
carefully discriminated. Effective parts should be 
pooled. The "biotic effectiveness" is considered the way 
that the system uses to couple organisms and environment. 
As Bakuzis (1959) stated, there are three groups of 
methods used to measure the biotically effective part of 
environmental factors; 1) direct measurements of 
essential environmental factors in physical terms as 
close as possible to the contact surface between 
organisms and environment (Hills, 1955; Rowe, 1956; 
Loucks, 1962; Grigal, 1968; as cited by Bakuzis and 
Kurmis, 1978); 2) use of physiographic indicators, which 
are more remote measurements of physical environment and 
should be adjusted for biotical effectiveness upon the 
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basis of a priori knowledge (Ramensky, 1924; Pogrebnyak, 
1930; Ellenberg, 1950; Curtis, 1955; Bakuzis, 1959; 
Waring and Major, 1964; Krajina, 1965; Sang Kyu Ma 1974; 
as cited by Bakuzis and Kurmis, 1978); and 3) use of 
vegetational indicators and their known values in terms 
of environmental factors (Cleary and Waring, 1969; 
Waring, 1975; as cited by Bakuzis and Kurmis, 1978). 
Bakuzis (1959, p. 60) later pointed out that all "three 
groups of methods treat the same object and should lead 
to substantially the same results. While the first group 
of methods can furnish more or less appropriate absolute 
values, indicator methods are largely limited to relative 
values." 
The method of synecological coordinates is classified 
under the second group of methods. Moisture, nutrients, 
heat, and light are the four major coordinates for 
ecosystem identification under the MSG approach. 
Synecological coordinates are relative "plant 
indicator" values. They provide, as Bakuzis (1969a) 
stated, a set of ecosystem submodels from the species 
present in the ecosystem, which serve primarily to 
estimate the operational environment. The method of 
synecological coordinates "assigns an average value to 
each species according to its prevailing occurrence under 
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conditions of competition (average value for a niche) on 
a relative scale from 1 (lowest intensity) to 5 (highest 
intensity) along moisture (M), nutrient (N), heat (H), 
and light (L) axes. Community coordinates are computed 
either as unweighted averages of all species present 
(*coordinates by presence') or as weighted averages by 
species dominance (*coordinates by dominance') or species 
frequency (*coordinates by frequency')." Coordinates 
computed by species presence are related to the 
relatively stable aspects of the environment, whereas 
coordinates by dominance follow environmental changes 
more closely. Coordinates by frequency, depending on 
plot size, number of plots, and other conditions, may 
more or less resemble coordinates by presence or 
coordinates by dominance (Bakuzis and Kurmis, 1978). A 
presentation of MSG in matrix notation is in Appendix A. 
The MSC provides information on the ecological 
requirements or adaptations of species to essential 
environmental factors. Ecographs are graphical 
representations of the species occurrence in different 
communities in terms of macrosites or community 
coordinates. They represent the synecological 
distribution of the species. Of the six possible 
bivariate combinations, the nutrient-moisture and light-
45 
heat combinations are the most important. They are 
called the edaphic and climatic fields, respectively. 
Forest communities can also be represented in 
synecological fields which allow the understanding of the 
permanent change of the ecosystem and facilitate, at the 
same time, any desired ecosystem classification. 
In 1957, a reconnaissance of forest ecosystems was 
done in Minnesota by listing the species present in 356 
systematically chosen forest communities (Bakuzis 1959). 
Percentage of tree, shrub, reproduction, and ground cover 
was also estimated, along with a brief description of 
soil for each stand. Relative values, ranging from 1 
(low requirement) to 5 (high requirement), for moisture, 
nutrient, heat, and light were assigned to each species 
from literature information (taxonomical manuals or 
similar information). Community requirements for the 
essential factor complexes were selected as the basic 
coordinate axes to which other observed phenomena could 
be referred (see Bakuzis 1959, 1962, 1969a). 
Synecological coordinates for Minnesota agreed 
satisfactorily with actual environmental measurements as 
tested through correlation and regression techniques 
(Bakuzis 1962, 1969a,b; Pluth and Arneman, 1965; Coats, 
1967; Coats et al., 1968; Kurmis, 1969; Ness, 1971; 
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Henry, 1972; Drew, 1973; Kratz, 1977). 
Ordination techniques and the MSG 
As mentioned earlier, the search for underlying 
patterns of organization in biological communities is the 
broad aim of vegetation ecology (Mueller-Dombois, 1988). 
Quantification is needed to make the understanding 
universal. Attempts to provide numerical methods for 
plant community analysis started with Ramensky in Russia 
(Greig-Smith, 1980). These attempts have been made to 
understand the presence of patterns in plant communities. 
Ordination and classification techniques have played a 
meaningful role in this process. 
The first step in a classification scheme is ordering 
the objects of interest. In the last decades, ordination 
techniques have become a prime tool in plant ecology 
(Gauch, 1982; Jongman et al., 1987; Ludwig and Reynolds, 
1988). Ordination is "the collective term for 
multivariate techniques that arrange sites along axes on 
the basis of data on species composition" (Jongman et al. 
1987, p. 91). 
Gauch (1982, p. 118) points out that the basic goal 
of many ordination studies is to derive an ecological 
47 
space from a given data set. He states that 
... A two-step procedure is standard. First, 
ordination is used to summarize community 
patterns. Second, the community patterns are 
compared with environmental information in order 
to produce an environmental interpretation of the 
ordination (community) results. Consequently, 
ordination may be viewed as the first half of the 
overall process for deriving an ecological space 
from the input data ... Environmental 
interpretation is usually provisional to some 
degree. Verification of the interpretation by 
experimental tests may not be feasible or 
possible. Three things can be readily done, 
however, to increase confidence in environmental 
interpretations. (1) The basic plausibility of an 
environmental interpretation may be considered in 
terms of the known autecology of the species and 
the known interrelations of physical parameters. 
The greater the volume of information 
accommodated successfully by an interpretation, 
the greater is the likelihood that the 
interpretation is valid. (2) Several random 
subsets of the community data may be ordinated to 
see whether the basic patterns remain stable. (3) 
New samples not included in the original 
community ordination may be used to see whether 
community composition can be predicted 
successfully from environmental data, whether the 
reverse holds, or both ... 
The last two points refer to conventional methods of 
validation of statistical models although they do not 
solve the problem of interpretation within the ecosystem 
space. The first point, however, aims in the right 
direction. 
A good ordination technique should give insight into 
the distribution of the species within the environmental 
frame and into the community patterns with respect to 
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environmental factor complexes within the study unit. 
The available species information is rich and voluminous 
and is summarized in botanical books, such as those 
covering the floras of different regions. This 
information should be used for developing a synecological 
tool for studying many species simultaneously in relation 
to their environment. 
Gauch (1982) mentioned that the major goal of many 
ecological studies is the derivation of the ecological 
space. As mentioned earlier, he visualized this 
derivation as a two-step process. I, however, consider 
this separation artificial. If there are two steps, step 
two (the interpretation) is left to the research worker 
(see the introduction). With respect to the first step, 
I consider ordination techniques nothing but exploratory 
techniques of data structure to which no ecological 
meaning is attached. Often, the meaning of a specific 
structure is given by the researcher, who is greatly 
limited in making generalizations from results from these 
techniques. To know that two stands are far apart or 
close together without a reference of the surrounding 
environment leaves me in a practical situation similar to 
the one I started with. As stated previously, plants and 
environment must be studied as one unit. 
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Bakuzis and Kurmis (1978, p. l) claim that the 
principal difference between the ecosystem coordinate 
method and ordination methods is that "the latter does 
not provide an ecosystem space in terms of matter-energy, 
but a species-composition space with imaginary axes: the 
first, the second, and third. These imaginary axes are 
subsequently related to combinations of environmental 
measurements, which makes generalizations practically 
impossible." Several models of vegetation response to 
environment have been presented with ordination methods, 
and according to Austin (1980, p. 11), "... The majority 
of the models are concerned with the shape of individual 
species response to an environmental gradient. Most 
models can be characterized as having been developed from 
an inductive study of certain observed cases of 
vegetation/environment correlation and are descriptive 
rather than functional, i.e., do not provide a statement 
of the processes producing the described relationship." 
When one departs from singular statements to arrive 
at general ones (the inductive-deductive method), 
statements about the nature of the relationships that 
might be considered to be "driving forces" in plant 
vegetation dynamics are more difficult. Salt (1983, as 
cited by Austin 1985, p. 57), stated that "... the 
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currently popular response is to subject the data pile to 
... multivariate analysis in the hope that ... something 
of value may be sifted out." Furthermore, the lack of 
the accounting for historical information, for the body 
of knowledge available, and for general theories about 
how and what environmental factor complexes might be 
influencing plant vegetation dynamics makes results from 
these techniques restricted to the area from which the 
data were collected. If "something of value may be 
sifted out" it is just the product of the ability of the 
worker to extract it. 
As mentioned previously, the synecological approach 
to ecosystem coordinates, the MSG, emphasizes species 
behavior and environmental adaptation under competition 
scenarios to provide an understanding of the underlying 
vegetational patterns along environmental gradients. 
Brand (1985) offers a five-step procedure for determining 
synecological indices. Gutiérrez-Espeleta (1991) 
provides a stepwise procedure for the MSC and a computer 
program called SYCOOR that calculates community 
synecological values. 
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AN EXAMPLE 
To illustrate, an example is analyzed with MSG and 
compared with results from three different ordination 
techniques. The example uses abundance data taken from 
Ludwig and Reynolds (1988), as shown in Table 1. 
Table 1. Ecological data matrix of abundances for eight 
trees in 10 upland forest sampling units, 
southern Wisconsin (see Peet and Loucks, 1977) 
SAMPLING UNITS 
SPECIES 1 2 3 4 5 6 7 8 9 10 
Bur oak 9 8 .3 5 6 0 5 0 0 0 
Black oak 8 9 8 7 0 0 0 0 0 0 
White oak 5 4 9 9 7 7 4 6 0 2 
Red oak 3 4 0 6 9 8 7 6 4 3 
American elm 2 2 4 5 6 0 5 0 2 5 
Basswood 0 0 0 0 2 7 6 6 7 6 
Ironwood 0 0 0 0 0 0 7 4 6 5 
Sugar maple 0 0 0 0 0 5 4 8 8 9 
(Taken from Ludwig and Reynolds, 1988, with permission of 
John Wiley & Sons, Inc.) 
Table 2 shows the initial synecological scores for 
the tree species taken from the ones assigned in 
Minnesota (Bakuzis and Kurmis, 1978); their adjusted 
values are based on species presence-absence data. 
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Table 2. Initial and adjusted synecological scores for 
eight species in 10 upland forest sampling 
units, southern Wisconsin (1 = low, 5 = high 
requirement or adaptation to the environmental 
coordinates) 
MOISTURE NUTRIENT HEAT LIGHT 
SPECIES I® A= I A I A I A 
Bur oak 1 1 3 3 4 5 3 3 
Black oak 2 2 3 3 4 4 4 4 
White oak 2 2 5 4 5 4 2 2 
Red oak 1 2 4 4 3 4 3 2 
American elm 3 1 5 4 4 5 2 3 
Basswood 2 3 5 5 4 3 1 1 
Ironwood 2 2 5 5 4 4 1 1 
Sugar maple 3 3 5 5 3 3 1 1 
I = initial score; A = adjusted score) 
The SYCOOR algorithm (Appendix A) was used to 
generate the basic results of MSC. Ludwig and Reynolds 
(1988) provide the results for Polar Ordination (PO), 
Principal Component Analysis (PCA), and correspondence 
Analysis (COA). The original data set (Peet and Loucks, 
1977) was analyzed with PCA and COA. 
The ordination representations of sites from Ludwig 
and Reynolds and MSC are found in Figures 1, 2 and 3. 
The coordinate values to get those figures are shown in 
Table 3. 
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forest stands in Southern Wiconsin; a) PO, 
b) PCA, and c) CCA (from Table 3) 
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stands in Southern Wisconsin: a) edaphic 
field, b) climatic field, and c) light-
moisture field 
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Figure 3. Three dimensional synecological space for 10 
upland forest stands in Southern Wisconsin 
From the plot of the 10 sampling units (SUs) along 
the PO X-axis, Ludwig and Reynolds (1988) concluded that 
from PO analysis (Figure la), SUs 1, 2, 3, and 4 have 
some resemblance (these SUs are dominated by bur and 
black oak, ascan be seen in Table 1) and that SUs 6, 7, 
8, 9, and 10 have similarities from the other end (sites 
with high presence of sugar maple and basswood). They 
also concluded that PCA (Figure lb) separated SUs 
following the abundance of oaks, and basswood, ironwood. 
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and maple (positively and negatively correlated with 
principal component I, respectively). Thus, PCA grouped 
SUs 1-4 (dominated by oaks) and SUs 8-10 (dominated by 
basswood, ironwood, and maple). SUs 5-7 have a mixture of 
species. With respect to COA (Figure Ic), the results 
seemed to be close to the ones from PCA, but were 
significantly different in the separation of SUs 9 and 10 
from 8. Ludwig and Reynolds pointed out the influence of 
oaks in SU 8 as a reason for COA to separate it from the 
other SUs. Moreover, dominance of certain species was 
the reason employed for COA to separate SU 6 from 7. 
This kind of analysis clearly shows how the species-
composition space is used to interpret the groupings. 
These groupings, however, might obey some elements of 
the environment that are not considered in that analysis 
— information that could be useful for ecological 
understanding of how plant communities behave. The axes 
of the plots do not have any obvious ecological meaning. 
When facing the problem of relating environmental factors 
to an ordination representation. Feet and Loucks (1977, 
p. 490) stated that "... the analysis calls for an 
investigator to be intimately familiar with his data ... 
Given these difficulties (nonlinearities, 
transformations, etc.) and the necessity of subjective 
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evaluation by the investigator no unique solution will 
exist for a particular data set." This fact was 
established earlier in this paper as one of the major 
weaknesses of ordination techniques. 
From the original analysis, Peet and Loucks (1977) 
concluded that black oak and bur oak ended up at the 
xeric end and paralleled the original continuum. Sugar 
maple and ironwood were, in their analysis, the most 
mesic species, a finding that again conformed to the 
literature. Red oak was the most mesic of the pioneer 
species, in marked contrast to its central position on 
the continuum. 
As can be seen in Table 1, SUs 1, 2, 3, and 4 have 
the same species (but one in site 3), all shade 
intolerant, making it possible that they conformed to 
open forests or pioneer sites (as stated by Peet and 
Loucks). SUs 8, 9, and 10 have about the same species, 
all shade tolerant, possibly conforming to "stable" or 
old forest stands (crown closure attained). 
The results from MSG (Table 3) show that the variant 
coordinates in their order of significance to the 
community are light, moisture, nutrients, and heat. The 
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Table 3. Coordinate values for Polar Ordination (PO), 
Principal Component Analysis (PCA), 
correspondence Analysis (COA), and the Method 
of gynecological Coordinates (MSC) 
P0= PCA® COA* MSC 
SU X I II II III M N H L 
1 77.4 0. 74 0.31 1.28 0.69 1. 59 3 .37 4 .41 3. 00 
2 72.9 0. 69 0.29 1.27 0.80 1. 63 3 .37 4 .37 3. 04 
3 92.2 0. 74 0.37 1.22 0.64 1. 71 3 .54 4 .29 2. 96 
4 78.8 0. 72 —0.26 0.91 -0.41 1. 69 3 .63 4 .31 2. 75 
5 61.6 0. 33 -0.71 0.35 -1.82 1. 67 3 .87 4 .33 2. 33 
6 26.5 -0. 41 -0.44 —0.66 -1.78 2. 44 4 .44 3 .56 1. 56 
7 29.2 -0. 45 -0.20 -0.51 0.21 2. 00 4 .32 4 .00 1. 82 
8 16.1 -0. 66 -0.06 -0.98 -0.20 2. 47 4 .60 3 .53 1. 40 
9 0.0 -0. 94 0.39 -1.38 1.15 2. 48 4 .78 3 .52 1. 30 
10 14.6 -0. 75 0.31 -1.11 0.90 2. 33 4 .67 3 .67 1. 50 
°Taken from Ludwig and Reynolds 1988, with 
permission of John Wiley & Sons, Inc. 
plot of light and moisture coordinates (Figure 2c) shows 
that SUs 1-4 seem to form a group of stands with very 
similar environments made up of species in the medium to 
intolerant range for shade and of low moisture 
adaptations. SU 6 and SUs 8-10 form another group of 
similar environments with species of higher adaptation to 
moisture and low light requirements. SU 6 is in this 
group because of the influence of sugar maple and 
59 
basswood due to red oak and white oak present values very 
close to the mean community values for those coordinates. 
SUs 5 and 7 have particular transitional environments, 
both are influenced by oaks, however, the first one is 
influenced also by shade-tolerant trees whereas the 
second one by shade-intolerant trees. 
The plots of nutrient coordinate against moisture 
coordinate (called the edaphic field), and light 
coordinate against heat coordinate (called the climatic 
field) are shown in Figures 2a and 2b, respectively. The 
edaphic and climatic fields show more evidently the 
ordination from MSG. Moreover, when the nutrient 
coordinate is plotted with moisture and light coordinates 
(Figure 3), the grouping is reinforced. In this example, 
the light coordinate has an inverse linear relation with 
the nutrient coordinate (Figure 3). This finding 
indicates that open forests are located on sites with 
trees requiring less nutrients (pioneer species). 
The plot of the 10 forest sites in the edaphic field 
and in the climatic field and the plot of light 
coordinate against moisture coordinate suggest an 
ordination of sites in the ecosystem space from open 
forests, savanna types, to old forest; this suggestion 
agrees with observations made by Peet and Loucks. 
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With respect to tree species, MSG uses species 
synecological values for the moisture, nutrient, light, 
and heat coordinates to obtain site synecological scores. 
Then, these site scores are used by MSG to obtain species 
community values (Table 4). 
On a community basis, the position of bur oak, black 
oak, ironwood, and sugar maple fits the description made 
by Peet and Loucks (1977). Red oak results to be the 
most mesic of the pioneer species as was pointed out by 
Peet and Loucks. Species environmental factor complex 
combinations for moisture and light coordinates against 
nutrient coordinate are shown in Figure 4. These plots 
are called ecographs, and they show the ecological range 
of the species in the ecosystem space. 
Table 4. Synecological community values for the 
eight trees considered in the example 
SPEGIES MOISTURE NUTRIENT HEAT LIGHT 
Bur oak 1.71 3.68 4.29 2.65 
Black oak 1.65 3.48 4.35 2.94 
White oak 1.95 3.98 4.05 2.26 
Red oak 2.03 4.12 3.97 2.08 
American elm 1.89 3.94 4.11 2.34 
Basswood 2.23 4.45 3.77 1.65 
Ironwood 2.32 4.59 3.68 1.50 
Sugar maple 2.35 4.56 3.65 1.51 
Figure 4. Ecographs for eight upland forest species in Southern Wisconsin. 
Note. Ecographs are presented in this form for the purpose of illustration only. 
They are normally developed for a large number of sampling units, and isolines are 
used for indicating relative species position within the ecographs (see Bakuzis, 
1959). The key for the ecographs is located at the right bottom comer and shows 
the total edaphic and light-nutrient fields for the 10 upland forest stands in 
Southern Wisconsin. 
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CONCLUSION 
The results from MSC are clear and easy to interpret. 
They are in terms of environmental factor complexes that 
give general ideas about the patterns of the ecological 
distribution of plant species and help with community 
classification. The axes used in the ecographs provide 
information about the relation between plants and the 
environment. Statistical procedures can be used to test 
general hypotheses, but that is beyond the scope of this 
paper. 
Part of MSC and reciprocal averaging (Hill, 1973) are 
essentially the same but two exceptions are easily 
recognized. First, MSC uses a vector of known 
synecological scores for species instead of the 
"arbitrarily chosen set of starting values", and second, 
with the iterative process in MSC, adjusted and stable 
species scores are found in terms of community values; 
this finding thus proves a sound theoretical basis for 
ecological interpretation. 
Plants and the environment form a unit. Any method 
considering this fact makes pattern interpretation easier 
and more useful for ecological findings. Interpretations 
based on separate analyses for plants and environment are 
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uncertain and depend upon the astuteness of the research 
worker. 
A macrostratification of major environmental factor 
complexes (climate and soils) is seen as a viable way for 
defining units of study in vegetation analysis. I 
believe that by using MSG within these units, patterns of 
vegetation structure due to environmental variation are 
more easily found and further knowledge can be gained 
regarding ecosystem dynamics. 
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APPENDIX A 
Let £ be the matrix containing 's' species, each with 
its respective synecological value for each environmental 
factor complex. ^ is a sx4 matrix because moisture, 
nutrient, heat, and light are being considered as the 
major environmental factors. 
Let ^  be a sxp matrix containing the data on s 
species (rows of the matrix) and p plots or sites 
(columns of the matrix). These data can be 
presence/absence data, or abundance data, or any other 
descriptive measurement of vegetation characteristics. 
Then, the plot synecological coordinates are given by 
the matrix E defined as: ^ =QLAR where 
4xp 
£ = ^ i is a sxl vector of I's. 
pxp 
Matrix E has synecological coordinates as rows and 
site synecological values as columns. 
The average site synecological value for each species 
is obtained as follows. 
Let £ be a matrix such that = {J otAeîvise ' 
Q. has the same dimensions as A (i.e., sxp); then 
K = E E where 
iXB 
H = [diagiQ 1. if ^ ) ] ^ 1 is a pxl vector of I's. 
ax8 
Matrix K has synecological coordinates as rows and 
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species average site synecological value as columns. 
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SECTION III. A QUANTITATIVE MODEL FOR RELATING 
SPECIES AND TROPICAL FOREST SITES: A 
SYNECOLOGICAL STUDY 
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ABSTRACT 
A methodology is presented to assess forest site 
quality in tropical ecosystems. The methodology is based 
on the relation between site synecological scores, 
environmental quantifiers that are developed by using 
vegetation and botanical information, and site 
physiognomic characteristics. The relation can be used 
to identify species with good growth potential for 
particular sites and hopefully will be useful in 
estimating site productivity. 
A test of the methodology was done with data from 
Costa Rica. The results indicate that this methodology 
could be of practical use for foresters in Costa Rica and 
other tropical countries. 
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INTRODUCTION 
An important component of forest management is 
assessing the potential productivity of a site. Although 
a number of techniques have been developed for assessing 
productivity of temperate forests (Davis, 1966; Clutter 
et al., 1983), no technique has been developed that 
tropical foresters can easily use in their daily work. 
A site quality assessment method is needed for 
natural regeneration projects, for reforestation 
programs, for rehabilitating degraded sites to productive 
forests, and for decision making related to preserving 
tropical biodiversity. In general, an objective method 
is needed to evaluate forest site quality. 
Tropical ecosystems are complex in nature, hence any 
method to evaluate site quality should be general and 
indicative. It also should be easily applied, 
reproducible, and inexpensive, and it should be 
quantitative to facilitate its use and applicability in 
further studies, such as land quality/growth relations 
and growth/yield studies. 
Because tropical ecosystems are complex, site 
identification cannot be determined by putting together 
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single facts about ecosystem components. Complex systems 
must be identified by the interactions among their 
components, and the interactions between the "parts" and 
the "whole" (Bakuzis, 1959; Webb, 1973). 
This paper introduces a methodology to identify 
species suitable for various sites, which may be useful 
to foresters and ecologists involved with the management 
of tropical ecosystems. The methodology consists of 
using vegetation to quantify environmental factors 
(Bakuzis, 1959), which are then related to physiognomic 
site characteristics. This relation can be used to 
identify species suitable for particular sites by 
predicting environmental factors from site 
characteristics. Gutierrez Espeleta (1991a) presents a 
theoretical discussion on part of the basis for the 
methodology. 
Next, a discussion of the rationale behind the 
methodology will be presented. Then, an explanation of 
an important restriction that needs to be made to apply 
the methodology in the tropics will be discussed. 
Following that is a description of data collected to test 
the methodology and the results of the test. 
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RATIONALE FOR THE METHODOLOGY 
Pritchett and Fisher (1987, p. 205), discussing site 
quality and site productivity, state that. 
The capacity of a tree species to thrive and 
successfully compete on a particular site is 
influenced by both internal (physiological) and 
external (environmental) factors. The 
interaction of these combined properties 
determines forest productivity. Of particular 
concern are the environmental or site factors> of 
which the soil is a major component. These 
external factors largely determine site quality, 
the inherent capacity of the site to produce 
plant growth. Site quality is a function of 
physiography, climate, soil, and other features 
of the environment that are not easily altered; 
it is essentially a fixed quantity. In contrast, 
site productivity, the rate of product growth, 
can be considered to be the sum of site quality 
plus management input ... 
Following Pritchett and Fisher, it is reasonable to 
assume that an assessment of site quality is needed to 
assess site productivity, i.e., an assessment of the 
fixed environmental capital of the site to sustain plant 
growth is needed. 
Model development 
The Method of Gynecological Coordinates (MSG) 
(Bakuzis, 1959) is a powerful technique that can be used 
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to quantify the environmental capital of a site. 
Gynecological coordinates interpret the biotically 
effective part of the essential environmental factors, 
moisture, nutrients, heat, and light, on a species-
presence basis (Pluth and Arneman, 1963). The MSG uses 
botanical information and environmental conditions to 
quantify environmental factors. The graphical 
representation of two or more of these environmental 
factors (ecographs) helps identify the ecological 
distribution of plant species in an area in terms of the 
ecosystem space. 
gynecological coordinate values for individual plant 
species found in an area are initially determined from 
descriptions in botanical literature or by taxonomists 
familiar with the plant's habitat. Values range from 1 
for low requirement to 5 for high requirement or 
adaptation of plant species to essential environmental 
factors. Then, the initial estimates are adjusted by 
using data taken from plots covering a wide range of 
environmental conditions. These values are called 
species synecological coordinates. They are used to 
obtain site synecological scores by averaging the 
synecological coordinate values for the species found on 
a site. 
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We hypothesize that a site synecological score (S,) 
is a function of the physiognomic characteristics of the 
site, i.e.: 
Pj + Oj (I) 
ixc cxl cxl 
where 
Sj = site synecological score for moisture, 
nutrient, heat and light coordinates 
Xj = vector of c diagnostic variables 
= regression coefficients 
5. = random error 
Equation I constitutes the basic model under 
consideration. If this relationship can be established, 
site synecological scores (site environments) can be 
predicted by using physiognomic site characteristics. 
The site physiognomic characteristics that need to be 
considered arise from the concept of forest site, as 
shown in Figure 1. 
For this study, site is defined as that piece of land 
capable of sustaining plant growth at time t. Although 
time is generally considered to be a soil forming factor, 
in this definition it refers to a much shorter span (1 to 
25 years), pertaining to the land use history of that 
piece of land. If time is set equal to zero at the 
moment of site examination, then the current 
characteristics of that site depend upon the multiple 
interactions of climate/topography of the site, the soil 
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Figure 1. Factors affecting current site 
characteristics 
substrate, and the past use of the site. These 
interactions act as an environmental filter for the seed 
bank. 
We also hypothesize that the 6, in Equation I change 
as the environment changes. Thus, the 6, need to be 
developed for areas of fairly similar environments. 
Soil and climate are perhaps the most influential 
factors of the environment (Kimmins 1987, Harper 1977, 
Webb 1968). To locate sites with similar environmental 
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conditions, a climatic and soil classification is 
therefore needed. 
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MATERIALS AND METHODS 
To locate sites with similar environmental 
conditions, this study used the Holdridge Life Zones 
System (Holdridge, 1978), as shown on the ecological map 
of Costa Rica (Tosi, 1969), and the soil group 
classification of Costa Rica (Vasquez, 1989). 
Holdridge (1978) devised a system to classify the 
climate and vegetation of the world. Holdridge divided 
the world's climate and vegetation into life zones, which 
are defined by a three dimensional model using (1) 
latitudinal region, (2) altitudinal belt^, and (3) 
humidity province (by using the potential 
évapotranspiration ratio, which is proportional to the 
ratio of mean annual biotemperature and mean total annual 
precipitation). Because of the large range of 
environmental conditions encountered in Costa Rica, the 
life zone classification was used to identify 
"homogeneous" areas with respect to macro climate 
(homoclimes). 
^ Latitudinal region and altitudinal belts are defined in 
terms of mean annual biotemperature. Biotemperature is 
defined as temperatures between 0° and 30° C. 
Temperatures below or above these limits are considered 
as 0. 
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Within a life zone, the soil map of Costa Rica 
(Vâsquez, 1989) was used to identify areas of similar 
soil characteristics. The soil map classifies soils to 
the great group level according to the Soil Taxonomy of 
the USDA. 
All of the area within a life zone that has a 
particular soil group will be referred to as a Basic 
Study Unit (BSU). 
The initial study region was the Tropical Premontane 
Moist Forest (bh-P) (the basal belt transition was not 
considered). It is located roughly within longitudes 
83°45' and 85°00' and latitudes 9°45' and 10°40'. It 
covers an area of approximately 80,000 hectares in Costa 
Rica divided in four major regions as seen in Table 1. 
Table 1. Area distribution (in ha) by BSUs® 
LOCATION Iw Im Ix Vm Ah Ut OTHER TOTAL 
SAN RAMON 9852 995 391 11238 
CENTRAL 15346 121 10477 2630 961 5615 10752 45902 
FRAILES 9227 9227 
CARTAGO 2026 10169 1265 13460 
TOTAL 15346 2147 30438 2630 1956 16438 10752 79827 
PERCENTAGE 19.2 2.7 38.1 3.3 2.5 20.6 13.6 100.0 
°BSITs: Iw= Ustropept, Im= Humitropept, Ix= 
Andisol, Vm= Pellustert, Ah= Haplustalf, Ut= 
Tropohumult 
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Holdridge et al. (1971) described the bh-P as a two-
layered, semideciduous, seasonal forest of medium height. 
Canopy species are mostly deciduous, 25 m tall, with 
broad, flat, or umbrella-shaped crowns and relatively 
short, stout trunks. Understory trees range from 10 to 
20 m tall and are evergreen. Understory shrubs are 2-3 m 
tall, evergreen, and single or multiple-stemmed woody 
plants. Occasionally, bamboo-like grasses are found. 
The ground layer is bare except for scattered patches of 
woodland grasses and tree seedlings. Epiphytes are very 
rare or lacking. The abundant woody vines are tough, 
supple, and thin-stemmed, especially prominent in 
undergrowth and in openings. 
There are six distinguishable soil groups within the 
bh-P (Table 1) (Vasquez, 1989). They constitute the BSUs 
in the bh-P. 
The field work was conducted from February to April 
1991. Only 19 250-m^ plots could be located in the bh-P^ 
(Table 2). Because 19 plots did not provide enough data 
to test the model under consideration, approximately 
^This life zone is primarily under agriculture use, with 
still some grazing activity. There are no natural stands 
on vertisol soils. Most of what appears to be a natural 
stand is being grazed. The biodiversity of this life 
zone is being diminished to the point of being close to 
extinction. 
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7,000 hectares of Tropical Moist Forest, premontane belt 
transition (bh-TA) were added. The area, including a 
reserve forest that belongs to the University for Peace 
in Costa Rica, is located between longitudes 84°15' and 
84°30' and latitudes 9°'40' and 9°50'. 
Holdridge et al. (1971) refers to the Tropical Moist 
Forest as a tall, multistratal semideciduous or evergreen 
forest where the number of species and density of 
understory trees is variable (depending on distribution 
of rainfall). The difference between this life zone and 
the bh-P is that canopy trees are 10 to 15 m taller, 
mostly with larger crowns,' with a conspicuous separation 
of tree components into distinct strata. High buttresses 
are common in canopy trees. Shrubby palms and banana­
like herbs are more abundant, as well as bush ropes 
(thick-stemmed lianas). 
Sixty two 150-mf plots were located in this region 
and classified into four soil groups (Table 3). 
In all BSUs, plots were chosen to assure a wide 
representation of the different environments encountered 
within the BSU. 
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Table 2. Distribution of plots in BSUs in the 
tropical premontane moist forest 
Soil great groups No. of plots 
Haplustalf 5 
Andisol 4 
Humitropept 4 
Ustropept 4 
Ustorthent 2 
On each plot, plant species names were recorded for 
all plants over 1.3 m in height. They were classified as 
trees, shrubs, herbs, lianas, and others. In the bh-P, 
three 1-mf quadrats were taken along the center line of 
the plot, and in the bh-TA, four 1-mf quadrants were 
taken in each corner of the plot for lower vegetation 
sampling. For species not identified in the field, 
samples of green material were bagged and identified 
within one week at the University of Costa Rica 
Herbarium. 
The site diagnostic variables (descriptor variables) 
that were used had to be easily, quickly, and 
inexpensively measured and represent one of the three 
factors (Figure 1). The "climate/topography" factor was 
evaluated by heat, slope position, slope shape, and 
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Table 3. Distribution of plots in BSUs in the 
tropical moist forest, premontane 
belt transition 
Soil great groups No. of plots 
Haplustalf 
Ustropept 
Ustorthent 
Tropohumult 
23 
24 
11 
4 
aspect. The "soil" factor was evaluated by texture and 
depth, and "past land use" by organic matter content, 
compaction, and soil moisture. Appendix A shows the 
scales and definitions used for each variable. 
The initial species synecological scores were 
estimated by Quirico Jimenez, plant taxonomist at the 
Costa Rica National Herbarium, and by Carlos Morales, 
taxonomist of the field research team. 
SYCOOR (Gutierrez Espeleta, 1991b), a computer 
program that can be used to make the calculations needed 
to do MSC, was used to adjust species synecological 
coordinates to local conditions for all the plots in the 
study. Then, a second adjustment was done to the 
conditions of each life zone. A third adjustment was 
Development of synecological scores 
89 
performed for those species found in a BSU, that is, 
species values were adjusted to BSU conditions. At each 
level, species synecological coordinates were adjusted if 
the species was found on five or more plots; otherwise, 
the initial estimates were used. Finally, SYCOOR was 
used to calculate plot synecological scores and to 
provide information needed to draw the species ecographs 
by BSUs. 
Fitting the model 
Field information was converted to binary data (0,1) 
so the coefficients in the regression equation could be 
used to develop forms that can be used to easily 
calculate site scores (Appendix B). Equations were fit 
to predict each of the four synecological scores for the 
plots, so the scores were the dependent variables. Then, 
a series of multiple linear regressions were done. To 
determine which descriptor variables were useful in the 
model, a "fit-all" model was applied to give insight into 
potential problems among descriptor variables. Later, 
stepwise regression, backward elimination, was performed 
to obtain a set of variables that, from a statistical 
point of view, represented a good fit. And finally, a 
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"best" subset of descriptor variables was sought through 
maximizing R', the squared multiple correlation 
coefficient. This was done because more than one set of 
variables gave a good fit. 
These results were used to construct models that 
contained descriptor variables that estimate the effect 
of each factor considered in the initial model (Figure 
!)• 
A limitation of the data set was its size. As a 
result of having relatively few observations, some 
diagnostic variables had very few, if any, observations 
in some classes. The data were collected to test the 
methodology, not to develop equations precise enough to 
actually use. Thus, fitting Equation I has to be 
considered as exploratory and as a methodological 
procedure. Large data sets in future studies will allow 
development of precise results. 
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RESULTS AND DISCUSSION 
A complete list of the scientific names, sorted 
alphabetically, of all plants found in this study is 
presented in Appendix C. There were 306 plants in the 81 
plots. One hundred ninety plants (62%) were identified 
to species, 49 plants (16%) were identified to genus, and 
67 plants (22%) were not identified. Of the plants 
identified to species, most were classified as trees (153 
or 81%), 27 (14%) as shrubs, 3 (2%) as herbs, and 7 (4%) 
as lianas. Of those that were identified to genus, 22 
plants (45%) were considered trees, 16 (33%) shrubs, 4 
(8%) herbs, 5 (10%) lianas, and 2 (4%) others (one 
Bactris sp. and one Chamaedorea sp.). Of the plants that 
were not identified, 20 (30%) were trees, 19 (28%) were 
shrubs, 14 (21%) were herbs, and 14 (21%) were lianas. 
Although we could not test whether Equation I varied 
among BSUs, we tested to determine if site synecological 
scores varied among BSUs (Table 4). Analysis of variance 
procedures indicated that site synecological scores 
varied considerably between life zones and soil groups 
within a life zone (p < 0.01). Given such differences, 
it seems likely that the diagnostic variables and 
coefficients in Equation I would differ among life zones 
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Table 4. Summary statistics for BSUs by synecological 
coordinates. 
(mean ± standard error) 
BSU MOISTURE NUTRIENT HEAT LIGHT 
bh-P Ah 1.8±0.2 1.9+0.2 3.9±0.1 4.5±0.1 
bh-P Ix 3.0±0.1 2.9±0.1 2.8+0.1 3.4±0.3 
bh-P Im 2.7±0.1 2.6±0.1 3.2+0.1 3.7±0.2 
bh-P Iw 2.1±0.2 2.3±0.2 3.6+0.1 4.2±0.1 
bh-P Eu 1.8±0.0 1.8±0.0 3.8+0.0 4.6±0.1 
bh-TAAh 2.4+0.1 2.4±0.1 3.3±0.1 3.7±0.1 
bh-TAIw 3.0+0.1 3.0±0.1 3.0+0.1 3.0±0.1 
bh-TAEu 3.1+0.2 3.1+0.2 2.8+0.2 3.1±0.2 
bh-TAUt 3.0±0.1 2.9±0.1 2.9±0.2 3.2±0.1 
and BSUs. 
Final models for each synecological coordinate in 
each life zone were obtained. As previously mentioned, 
the regression equations developed to predict site 
synecological coordinate scores were developed in such a 
way so as to allow the development of forms that can be 
easily used to estimate the site scores for an area. 
The equation for moisture in bh-TA, for example, is: 
M = 1.966 + 0.589 (SOIL) - 0.408 (HEAT) + 
0.491 (SLOPE) + 0.332 (TEXTURE A) + 0.362 
(TEXTURE B) + 0.176 (ORGANIC MATTER) + 
0.297 (SOIL MOISTURE) 
n = 62 R^ =0.71 MSE = 0.087 
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Table 5®. Calculation of site moisture 
synecological score. 
Tropical moist forest (bh-TA) 
FACTOR CLASS ADD 
SOIL Iw, Eu, Ut 59 
Ah 0 
HEAT Warm-cool -41 
Anything else 0 
SLOPE POSITION Footslope 49 
Otherwise 0 
SOIL TEXTURE Fine clay 33 
Fine silty 36 
Otherwise 0 
SOIL O.M. < l6% 18 
> 10% 0 
SOIL MOISTURE Moist 30 
Otherwise 0 
+ 197 = 
/ 100 
site moisture synecological score = 
°Table 5 corresponds to Table 5 in Appendix D. 
Table 5 presents the preceding equation as a form. 
Table 6 summarizes the results of the final equations 
for both life zones. Appendix D shows them in forms 
developed for easy calculation of site scores. 
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Because bh-P did not yield enough data for analysis 
by BSUs, the edaphic (nutrient against moisture 
coordinates) and climatic (light against heat 
coordinates) became those corresponding to the life zone 
as a whole. The edaphic and climatic fields for bh-TA, 
were obtained by appending its HSU's fields. Ecographs 
for ten species in the BSU bh-TAlw are presented as an 
example in Appendix E. 
Table 6. Statistics summary 
I by life zone 
for the fitting of Equation 
LIFE ZONE SYNECOLOGICAE 
COORDINATE 
MSE* p-value R' 
bh-P MOISTURE 0.024 <0.01 0.955 
NUTRIENT 0.019 <0.01 0.950 
HEAT 0.015 <0.01 0.958 
LIGHT 0.018 <0.01 0.967 
bh-TA MOISTURE 0.087 <0.01 0.708 
NUTRIENT 0.090 <0.01 0.704 
HEAT 0.086 <0.01 0.613 
LIGHT 0.121 <0.01 0.645 
®MSE=Mean Square Error 
The data set has two problems. First, changing the 
sampling scheme from bh-P to bh-TA was necessary because 
of time constraints. And secondly, the data set is 
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fairly small, which presented limitations to testing 
whether the coefficients for Equation I were BSU 
dependent or not. This test should be performed to 
indicate which BSUs need separate sets of coefficients. 
Despite these shortcomings, we believe that strong 
evidence exists to encourage further investigations in 
this direction. 
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AN EXAMPLE 
Assume a site in bh-TA with the following diagnostic 
observations; the site is classified as belonging to the 
Iw soil group, warm (continuously warm), in a backslope 
position with a straight slope shape, and SE aspect (108° 
Azimuth). Soil texture is silty sand, and soil depth is 
more than 90 cm. The organic matter content is 8%, and 
the soil at the moment of inspection was dry. We want to 
know what plant species have some growth potential at 
this site. 
Tables 5 to 8 in Appendix E give plot synecological 
scores for moisture, nutrient, heat and light, as 
follows; 
moisture 2.74 round to 2.5 
nutrient 2.78 round to 3.0 
heat 3.25 round to 3.0 
light 3.32 round to 3.5 
These values mean that if the plot were vegetated 
under natural conditions, it would be composed of species 
with low to medium moisture and nutrient requirements and 
medium light requirement. Because the heat coordinate is 
more closely related to species geographic distribution, 
it is of little use in this example because only one life 
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zone is being analyzed. 
Using this information and knowing the ecological 
distribution of plant species, it is possible to match 
the estimated plot synecological scores with those 
species values shown in the ecographs (Appendix F). It 
seems that the species meeting those requirements, and 
therefore, with some growth potential in that site, are; 
Casearia commersoniana. Clarisia biflora. and Trichilia 
havanensis. Not enough data has been collected on all 
the species for them to have ecographs; therefore, it 
might be that more of them meet the requirements. 
For site species identification, the moisture, 
nutrient, and light synecological coordinates summarize 
the interactions among the factors considered in Fig. 1. 
The edaphic and climatic fields are useful for site 
identification for classification purposes within the 
ecosystem space. 
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CONCLUSION 
A quantitative method to assess forest site quality 
in tropical areas is proposed. Data were collected in 
Costa Rica, and they seem to substantiate the basic 
model. The method develops forms to evaluate forest 
sites that use easily measured diagnostic variables. 
However, more data are required and more work has to be 
done for this method to produce reliable practical 
results. 
A forest site productivity assessment methodology can 
be derived from the principles presented in this paper if 
appropriate information, such as historical growth or 
yield data, is available. 
The method presented here offers not only an easy way 
to relate native plant species and tropical forest sites 
but also information on site amelioration. For example, 
consider a situation where a manager wants to plant a 
species on a site, but the moisture score of. the site is 
lower than the range of the ecological distribution of 
the species for that coordinate. By looking at the 
diagnostic variables used to calculated the site moisture 
score, the manager might improve site moisture conditions 
by applying, let's say, sludge or green manure, to 
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increase the organic matter component, thus increasing 
the site moisture score. 
What it is presented here is not the final answer; 
rather, it is the beginning of the exploration of new 
research avenues that hopefully will yield better 
understanding of the intrinsic relationships between 
plants and their physical environment. Having a better 
understanding of vegetation patterns should help 
determine new approaches to natural resource management 
for sustainable production, conservation, or 
preservation. 
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APPENDIX A 
DEFINITION OF SITE DIAGNOSTIC CHARACTERISTICS 
CLIMATE/TOPOGRAPHY 
Heat: refers to the normal annual temperature trend in 
the site. It is determined by asking people who live in 
the area (at least 2 people). 
cool 
cool-warm 
warm-cool 
warm 
the site is continually cool 
the site is warm for 5 months or less 
the site is cool for 5 months or less 
the site is continually warm 
Slope position: refers to geomorphic segment of the 
topography in which the plot is located (Sandor 1989). 
It is taken for the slope which directly affects the 
water movement in the site. It is the slope between 
major topographic irregularities (Klinka et al. 1984). 
Determined by observation. 
Summit the highest level of an upland landform 
with a relatively gentle slope. 
Shoulder the rounded (convex-up) hillslope 
component below the summit. 
Backslope the steepest slope position that forms 
the principal segment of many hillslopes. 
Footslope slope position at the base of a hillslope 
that is commonly concave-up in cross 
section. 
Gradient < 2% This designation is used when the 
slope 
at the site is less than 2%, and the site 
is not in a well-defined example of one 
of the slope positions given above (e.g., 
within a nearly level upland plain or 
alluvial toeslope). 
Floodplain If occurrence of flooding due to the 
proximity of the site to the stream is 
evident. 
Slope shape: refers to the shape of the main slope or 
gradient at the site. Determined by observation. 
Convex the gradient decreases upslope per unit 
of length (dry). 
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Straight the gradient is constant per unit of 
length. 
Concave the gradient increases upslope per unit 
of length (wet). 
Undulating 
Slope aspect: refers to the direction of exposure of the 
main slope to solar radiation (Sandor 1989). Variation 
in aspect primarily influences the distribution of light 
and heat. Slopes with southerly aspects receive more 
intense insolation than northerly aspects. As a result, 
southerly facing slopes are warmer and drier than 
northerly slopes (Klinka et al. 1984). Determined by 
using a compass. 
North from 315° to less than 45° azimuth 
East from 45° to less than 135° azimuth 
South from 135° to less than 225° azimuth 
West from 225° to less than 315° azimuth 
SOIL 
Texture: refers to the variation in the relative 
abundance of different sized particles in the <2 mm 
diameter mineral material. Textural classes and the key 
for field assessment were taken from Kimmis (1987). 
Depth: refers to the effective soil depth, i.e., the 
depth of soil that can be easily penetrated by plant 
roots. Determined by a scaled probe. 
deep depth to restricted layer greater than or 
equal to 90 cm. 
moderately depth to restricted layer more than or 
equal 
deep to 45 cm but less than 90 cm 
shallow depth to restricted layer less than 45 cm 
but greater than 20 cm. 
very shallow less than or equal to 20 cm. 
Take three probe samples, starting from the center plot, 
and following with one 5 m N and one 5 m S from the 
center. If they vary more than ±20 cm, take two more 
samples at 5 m E and 5 m W of the center. Take the 
median. 
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PAST LAND USE 
Organic matter (OM): refers to the amount of organic 
compounds in the soil, particularly in the form of humus. 
The author devised an aparatus to determine an indication 
of the amount of OM in soil. However, the aparatus needs 
more testing before being used in the field. Therefore, 
soil samples were analyzed at the Centro de 
Investigaciones Agrondmicas (CIA), at the Universidad de 
Costa Rica (UCR).- The initial classes were established 
according to results of Holdridge et al. (1977). 
low less than 3% of OM 
medium between 3 and 10% 
high more than 10% 
Compaction: refers to the soil pore space. It is 
measured by a penetrometer that consists of a 5 cm 
diameter and 1.3 m long PVC pipe with a notch in the 
upper end with a scale from 0 to 30 cm on the side. A 
metal pipe weighing 5 lb. and 4.5 cm in diameter, slides 
in the PVC pipe. The bottom end of the metal pipe is a 
cone shaped. The metal pipe has two marks, one 10 cm 
from the tip of the cone, and the other one 5 cm from the 
top of the pipe. The PVC pipe is set at the surface of 
the ground, and the metal pipe is lifted up to the first 
mark and then released. A reading is taken at the top 
mark on the metal pipe. With this procedure the 
following two classes were used: 
1 if reading is < 15 cm 
0 otherwise 
For the model, compaction at 10 cm below ground surface 
was the only taken because this is the limiting level for 
plant roots. The division break class point is about the 
average of the readings on those plots known to be 
protected and undisturbed for more than 50 years. 
Moreover, any arbitrary break point would provide a 
comparision among plots. 
Moisture: refers to soil moisture at the moment of 
inspection. It is determine by squeezing a sample of soil 
in your hand. Depending on the amount of material left 
on your palm after you open it, soil moisture is 
classified as: 
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moist 
dry 
wet if some material is left on the palm, and 
the clod breaks easily. 
if the clod breaks easily but leaves 
almost no material on the palm of the 
hand 
if clod is hard to break and leaves 
just dust on the palm of the hand. 
The sampling scheme for determining compaction and taking 
soil samples is similar to the one for determining depth, 
instead of going 5 m from the center, go 6 m. 
Jon Sandor. 1989. Guidebook. ASA Collegiate Soil 
Judging Contest. Region 5. Iowa State 
University, Ames. lA. 
Klinka, K., R. N. Green, P. J. Courtin, and F. C. 
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Co., NY. 531 pp. 
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APPENDIX B 
LZ 
DIAGNOSTIC VARIABLES THAT WERE RECODED FOR THE 
REGRESSION ANALYSES 
(for definitions see Appendix A) 
0 bh-P 
1 bh-TA 
SOI S02 S03 S04 S05 
1 0 0 0 0 Ah: Haplustalf 
0 1 0 0 0 IX: Andisol 
0 0 1 0 0 Im: Humitropept 
0 0 0 1 0 Iw: Ustropept 
0 0 0 0 1 Eu: Ustorthent 
0 0 0 0 0 Ut: Tropohumult 
ID identification number given in the field 
ELEVATION site elevation in meters 
HI H2 
1 0 W-C 
0 1 C-W 
0 0 W 
SLOPE POSITION 
SLOPE SHAPE 
POSl 
1 
0 
0 
0 
0 
SHAl 
1 
0 
0 
0 
P0S2 
0 
1 
0 
0 
0 
SHA2 
0 
1 
0 
0 
P0S3 P0S4 
0 0 SUMMIT 
0 0 SHOULDER 
1 0 BACKSLOPE 
0 1 FOOTSLOPE 
0 0 < 2% 
SHA3 
0 CONVEX 
0 STRAIGHT 
1 CONCAVE 
0 UNDULATING 
ASPECT ASPl 
1 
0 
0 
0 
ASP2 
0 
1 
0 
0 
ASP3 
0 North 
0 East 
1 South 
0 West 
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- TEXTURE TEXl 
1 
0 
0 
0 
TEX2 
0 
1 
0 
0 
TEX3 
0 
0 
1 
0 
TEX4 
0 VERY 
FINE 
FINE 
LOAM 
10) 
COARSE 
13) 
0 
0 
1 
FINE CLAY (12) 
CLAY (5, 11) 
SILTY (9) 
(3, 4, 7, 8, 
SILTY (6, 
Numbers in parenthesis correspond to those for texture in 
Appendix A. 
- DEPTH DEPl PEP2 DEP3 
10 0 DEEP 
0 10 MODERATE 
0 0 1 SHALLOW 
0 0 0 VERY SHALLOW 
- ORGANIC MATTER NOM 
1 
0 
< 10% organic matter 
otherwise 
- COMPACTION PEN 
1 <15 cm of penetration § 10 cm 
below surface 
otherwise 
- SOIL MOISTURE MPS 2 
1 MOIST 
0 DRY 
APPENDIX C 
SPECIES LIST WITH SPECIES SYNECOLOGICAL COORDINATE VALUES 
SYNECOLOGICAL COORDINATES 
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (*) INTRODUCED SPECIES ADJUSTED ADJUSTED 
INITIAL bh-P bh-T A 
ID SPECIES FAMILY TYPE M N H L H N H L H N H L 
1 Acacia cosfaricensis Schenck Fabaceae/Hiinosoideae 2 2 2 4 5 2 2 4 5 1 1 5 5 
2 Acacia ^ enuifolia (L.Î Uilld. Fabaceae/Himosoideae 4 3 2 4 3 2 2 5 4 
3 Acosmiim panamense (Benth.) Yalcov. Fabaceae/PapiIionoideae 1 2 3 4 4 2 3 4 4 
4 Aeaiohila costaricensis Holdenke Verbenaceae 1 2 3 3 3 2 3 3 3 2 3 3 3 
5 Albizzia adinocephala (Donn.Sm.) Britt.SRose Fabaceae/H innso ideae 1 2 2 4 5 1 1 5 5 
6 Alchornea costaricensis Pax & Hoff. Eiphorbiaceae 1 3 3 2 3 3 3 2 3 
7 Alchornea lafifolia Sw. Euphorbiaceae 1 3 3 2 3 3 3 2 3 
8 AUoohvlus occidental is (Sw.) Radlk. Sapindaceae 1 2 2 4 5 2 2 4 5 2 2 4 5 
9 Amvris pinna^ a Kunth. Rutaceae 1 2 3 3 3 3 3 3 3 
10 Amvris sylvafica Jacq. Rutaceae 3 3 2 2 3 3 2 2 
11 Anacardiun excelsim (Bert. & Balb.) Skeels Anacardiaceae 1 5 4 4 5 5 4 4 5 
12 Andira inermis (Su.) H.B.K Fabaceae/PapiIionoideae 1 2 3 4 5 2 3 4 5 
13 Annona cherimolia Hill. Annonaceae 1 3 2 3 4 3 2 3 4 
14 Annona pitfieri Donn. Sm. Annonaceae 1 3 3 2 3 3 3 2 3 
15 Annona purpurea Hoc. & Ses. Annonaceae 1 2 3 4 3 2 2 4 4 
16 Aoeiba (ibourbou Aubl. Tiliaceae 1 2 2 4 5 2 2 4 5 3 3 3 3 
17 Aohelandra scabra (Vahl.) Smith Acanthaceae 1 1 5 5 1 1 5 5 2 2 5 4 
18 Ardisia compressa H.B.K Hyrsinaceae 1 3 3 2 3 4 4 2 3 3 3 2 3 
19 Ardisia revolu^ a H. B. K Myrsinaceae 1 1 2 4 5 2 2 5 5 3 3 3 4 
20 Ascleoias curassavica L. Asclepiadaceae 2 1 4 5 2 1 4 5 
21 Banara quianensis Aubl. Flacourtiaceae 1 2 3 4 3 2 3 4 3 
22 Banisterioosis muricafa (Cav.) Cuatrec. Halpighiaceae 2 1 4 4 3 2 4 3 
23 Brosinun alicas^ rum Su. Moraceae 1 2 3 4 2 3 3 2 3 
24 Brosinun cosfaricamin Liebm. Horaceae 1 3 3 4 2 3 3 4 2 4 4 2 2 
SYNECOLOGICAL COORDINATES 
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (•) INTRODUCED SPECIES ADJUSTED ADJUSTED 
INITIAL bh-P bh-T A 
ID SPECIES FAMILY TYPE M N H L H N H L H N H L 
25 Bunchosia pUosa H. B. K. Halpighiaceae 1 2 3 4 4 2 3 4 4 2 3 4 4 
26 Bursera simaruba (L.) Sarq. Burseraceae 1 1 2 4 5 1 2 4 5 12 4 5 
27 Bvrsonima crassifolia (L.) D.C. Halpighiaceae 1 1 1 4 5 1 1 4 5 1 1 4  5  
28 Calliandra cosfaricensis (Britt. & Rose) Stand. F abaceae/M imoso i deae 1 2 2 4 4 2 2 4 4 
29 CaloDhvUun brasiltense Centiess. Clusiaceae 1 3 4 4 4 4 4 2 2 
30 CalvcoohyUun candidissinun (Vahl.) D.C. Rubiaceae 1 1 2 4 5 12 4 5 
31 Caooaris cvnoohallophora (Eichl.) litis Capparidaceae 1 4 3 4 2 4 3 4 2 
32 Casearia aculeate (Jacq.) Flacourtiaceae 1 2 2 4 5 . 3 3 2 3 
33 Casearia arouta H.B.K. Flacourtiaceae 1 2 2 4 5 2 2 4 5 2 2 4 5 
34 Casearia cotmersoniana Flacourtiaceae 1 2 2 4 4 2 2 4 4 
35 Casearia nifida (L.) Jacq. Flacourtiaceae 1 2 2 4 4 2 2 4 4 
36 Casearia sylvesfris Suartz Flacourtiaceae 1 2 2 4 4 2 2 4 4 2 2 4 5 
37 Casitniroa edulis Have & Lex. Rutaceae 1 2 3 3 4 2 3 3 4 2 2 4 5 
38 Cassia maxonii (Britt. & Rose) Schery Fabaceae/Caesalpinioidea 1 2 2 4 4 2 2 4 4 2 2 4 4 
39 CecroDia pel^ a^ a L. Horaceae 1 1 2 4 5 1 2 4 5 12 4 5 
40 Cedrela odorafa L. Heliaceae 1 2 3 4 5 2 3 4 5 2 3 4 5 
41 Ceiba pen^ andra (L.) Gaert. Borabacaceae 1 3 3 3 4 3 3 3 4 
42 Cestrum baenifzii Linqel. Solanaceae 2 2 1 3 4 2 13 4 
43 Cestrun lanafum Mart. & Gal. Solanaceae 2 2 2 3 4 2 2 3 4 2 2 3 4 
44 ChrvsoDhvllun brenesii Cronq. Sapotaceae 1 2 3 3 3 2 3 3 3 
45 Chrvsoohvllun cainifo L. Sapotaceae 1 2 3 4 5 2 3 4 5 
46 Cissaimelos pareira L. Henispennaceae 4 2 1 4 5 2 1 4 5 
47 Citharexvlun dormell-smithii Green. Verbenaceae 1 3 3 3 4 3 3 3 4 
48 Citrus sinensis (L.) Osbeck (*) Rutaceae 1 3 2 3 5 3 2 3 5 
49 Clarisia biflora Ruiz Lopez & Pavon Horaceae 1 3 3 3 4 3 3 3 4 4 4 2 3 
50 Clarisia mexicana (Liebm.) Lanj. Horaceae 1 3 3 4 3 4 4 2 2 
51 Clarisia racenosa Ruiz & Pavon Horaceae 1 3 3 4 3 4 4 2 2 
52 Clethra mexicana A.D.C. Clethraceae 1 1 1 3 5 1 1 3 5 1 1 5  5  
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (•) INTRODUCED SPECIES 
ID SPECIES 
53 Coecoloba porphvrostachvs Gomez-Laurito 
54 Cochlospentun vitifolium Willd. 
55 Coffea arabica L. (•) 
56 Cordia aUiodora (Ruiz & Pavon) Oken 
57 Cordia panemensis Riley 
58 Cornutia grandifolia (Schl.& Cham.) Schauer 
59 Crossopetalun tonduzii (Loes.) Lundell 
60 Croton decalobus Huell.-Arg. 
61 Croton glabellus L. 
62 Croton oossvpiifolius Vahl. 
63 Croton niveus Jacq. 
64 Croton panamensis Huell. 
65 Cupania glabra Swartz 
66 Cupania ouatemalensis Radlk. 
67 PesmoDsis bibracteata (Rob.) Saff. 
68 Dilodendron costaricense (Radlk.) Gentry & Steyer 
69 Diphvsa americana (Mill.) H. Sousa 
70 Enterolobiun cvclocarpum (Jacq.)Griseb. 
71 Eriobotrva iaponica Lindl. (•) 
72 Eugenia cartaoensis Berg. 
73 Eugenia salamensis Donn. Smith 
74 Eugenia truncate Berg. 
75 Eupatorium glaberrinmi B.C. 
76 Eupatorium morifoliim Mi 11er 
77 Faranea ouercetorum Standi. 
78 Ficus costaricana (Liebm.) Hiq. 
79 Ficus iimenezii Standi. 
80 Ficus morazaniana U. Burger 
FAMILY 
Polygonaceae 
Cochlospermaceae 
Rubiaceae 
Boraginaceae 
Boraginaceae 
Verbenaceae 
Celastraceae 
Euphorbiaceae 
Euphorbiaceae 
Euphorbiaceae 
Euphorbiaceae 
Euphorbiaceae 
Sapindaceae 
Sapindaceae 
Annonaceae 
Sapindaceae 
Fabaceae/PapiIionoideae 
Fabaceae/M imoso ideae 
Rosaceae 
Myrtaceae 
Hyrtaceae 
Myrtaceae 
Asteraceae 
Asteraceae 
Rubiaceae 
Horaceae 
Moraceae 
Moraceae 
SYNECOLOGICAL COORDINATES 
ADJUSTED ADJUSTED 
INITIAL bh-p" bh-T Â 
M N H L M N H L M N H L 
4 3 3 3  4 3 3 3  
12 4 5 12 4 5 
3 4 3 5  5  4  2  2  2 2 4 4  
3 4 4 5  3 4 4 5  1 1 5 5  
2 3 4 5  2 3 4 5  
2 3 3 5  2 3 3 5  
3 3 3 4  3 3 3 4  
3 3 3 4  3 3 3 4  
3 2 3 3  3 2 3 3  4 4 2 2  
2 2 3 5  2 2 3 5  2 2 3 5  
3 2 3 4  3 2 3 4  
2 2 4 5  2 2 4 5  
2 3 3 5  5 4 2 3  
2 2 4 4  1 1 4 5  3 3 3 3  
2  2  2  2  2 2 2 2  3 3 3 3  
2 3 3 5  2 2 4 5  
2 2 4 5  1 1 4  5  1 1 5 5  
2  3  4  5  2 3 4 5  2  3  4  5  
3 4 3 4  3 4 3 4  
2 3 3 4  2 3 3 4  3 3 3 3  
2 3 4 4  2 3 4 4  
2 3 3 3  2 3 3 3  
2 2 3 4 2 2 3 4 
3 3 3 3  3 3 3 3  
3  3  2  3  3 3 2 3  3 3 2 3  
2 2 3 5  2 2 3 5  2 2 3 5  
2 3 3  5  2 3 3 5  
2 3 3 4  2 3 3 4  
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (*) INTRODUCED SPECIES 
ID SPECIES FAMILY 
81 Garcinia intermedia (Pitt.) Hammel Clusiaceae 
82 Genioa americana L. Rubiaceae 
83 Guarea rhopalocaroa Radtk. Meliaceae 
84 Guatteria diospyroides Bâillon Annonaceae 
85 Guazuna (amen^osa H.B.K. StercuUaceae 
86 GvrocarDus ja^rophifolius Domin Hernandiaceae 
87 Hamelia parens Jacq. Rubiaceae 
88 Hauya lucida Donn.Sm. Cnagraceae 
89 Heisteria macrophytla Oerst. Olacaceae 
90 Heliocarous appendicuIa^ us Turcz. Tiliaceae 
91 HeteroDteris laurifolia (L.) A. Juss. Malpighiaceae 
92 Hirtella racemose Lam. Chrysobalanaceae 
93 Hvmenaea courbaril L. Fabaceae/PapiIionoideae 
94 Inqa punctata Uilld. Fabaceae/Hiraosoideae 
95 Lacisterna xqqreqafum (Berq.) Rusby Lacistemaceae 
96 Lonchocarous afropurpureus Benth. F abaceae/Pap iIi ono i deae 
97 Lonchocarous cosfaricensis (Donn. Sm.) Pitt. Fabaceae/PapiIionoideae 
98 Lonchocarous sericeus Benth. F abaceae/Pap i 1 i ono ideae 
99 Lozania mu^ isiana Roem. & Schult. Flacourtiaceae 
100 Luehea speciosa Uilld. Tiliaceae 
101 Machaerium arboreun (Jacq.) Voqel F abaceae/Pap iIi ono ideae 
102 Machaerium biovula^ im Micheli Fabaceae/PapiIionoideae 
103 Machaeriun marqinafum Standi. Fabaceae/PapiIionoideae 
104 Maloiahia qlabra L. Malpighiaceae 
105 Malvaviscus arboreus Cav. Malvaceae 
106 Manaifera indica L. (*) Anacardiaceae 
107 Manilkara chicle (Pittier) Gilly Sapotaceae 
108 Mauria birrinqo Tulasne Anacardiaceae 
SYNECOLOGICAL COORDINATES 
ADJUSTED ADJUSTED 
INITIAL bh-p' bh-T Â 
TYPE M N H L M N H L M N H L 
1 3 3 3 3 3 3 3 3 
1 2 2 4 4 2 2 4 4 
1 3 3 3 3 3 3 3 3 3 3 3 3 
1 3 3 2 3 3 3 2 3 
1 2 2 4 5 1 1 4  5  1 1 5  5  
1 2 3 3 4 2 3 3 4 
2 2 3 3 5 2 3 3 5 2 3 3 5 
1 3 3 3 3 3 3 3 *3 3 3 3 3 
1 2 3 3 3 4 4 2 2 
1 3 3 3 5 3 3 3 5 3 3 3 5 
4 3 14 5 2 2 5 4 
2 3 3 3 3 3 3 3 3 
1 3 3 4 5 3 3 4 5 3 3 4 5 
1 2 2 3 5 2 2 3 5 2 2 3 5 
1 3 3 3 4 3 3 3 3 
1 2 3 3 5 2 2 5 5 
1 2 3 3 4 1 1 4  5  2 2 5 4 
1 2 3 3 4 2 3 3 4 1 1 4  5  
1 4 4 3 3 4 4 3 3 
1 2 2 4 5 1 1 4  5  2 2 4 5 
2 3 2 3 3 4 4 2 2 
1 2 2 4 5 2 2 4 5 12 5 5 
4 2 2 4 5 3 3 3 3 
2 3 3 3 3 3 3 3 3 
1 3 3 3 4 5 4 2 2 3 2 4 3 
1 4 3 3 5 4 3 3 5 
1 3 3 4 4 3 3 2 3 
1 3 3 3 3 3 3 3 3 3 2 3 4 
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (*) INTRODUCED SPECIES 
JD SPECIES 
109 Hauria heterophvUa H.B.K. 
110 Hiconia araentea (Sw.) D.C. 
111 HoUinedia costaricensis Donn. Sm. 
112 Hvrcia oerstediana Berg. 
113 Hvriocarpa lonoioes Liebm. 
114 Neetandra cufodontisii (Schm.)C.K.Allen 
115 Nectandra sinuata Hez. 
116 Neea psvchotrioides Donn. Sm. 
117 Ocotea helicterifoUa (Heiss.) Hemsley 
118 Ocotea nicaraouensis Hez 
119 Ocotea veraouensis (Heissn.) Hez 
120 Onoseris onoseroides (H.B.K.) B.L.Rob. 
121 Oreooanax xalaoensis (H.B.K.) Done.& Planch. 
122 Paullinia costaricensis Radlk. 
123 Persea caerulea (R.& P.) Hez 
124 Phoebe brenesii Standi. 
125 Phoebe cinnamoniifolia (Kunth) Nees 
126 Phvllanthus lathvroides H.B.K. 
127 Picramnia antidesma (D.C.) U. Thomas 
128 Picramnia latifolia Tulasne 
129 Picramnia teaoensis Tulasne 
130 Piper marginatum Jacq. 
131 Pisonia aculeata L. 
132 Pithecelobiun saman (Jacq.) Benth. 
133 Pithecocteniun cruciaerum (L.) A. Gentry 
134 Pochota auinata (Jacq.) U.D. Stevens 
135 Pseudoboniaax seotenattui (Jacq.) Dugand 
136 Pseudolmedia oxyphyllaria Donn. Sm. 
FAHILY 
Anacardiaceae 
Helastomaceae 
Honimiaceae 
Hyrtaceae 
Urticaceae 
Lauraceae 
Lauraceae 
Nyctaginaceae 
Lauraceae 
Lauraceae 
Lauraceae 
Asteraceae 
Araliaceae 
Sapindaceae 
Lauraceae 
Lauraceae 
Lauraceae 
Euphorbiaceae 
Simaroubaceae 
Simaroubaceae 
Simaroubaceae 
Piperaceae 
Nyctaginaceae 
Fabaceae/H imoso ideae 
Bignoniaceae 
Bonbacaceae 
Bombacaceae 
Horaceae 
SYNECOLOGICAL COORDINATES 
ADJUSTED ADJUSTED 
INITIAL bh-P* bh-T Â 
H N H L H N H L H N H L 
3 2 3 3  3 2 3 3  3 2 3 3  
2 3 3 5  2 3 3 5  2 2 4 5  
3 3 2 2  3 3 2 2  
2 3 3 4  2  2  4  4  
3 3 3 3  3 3 3 3  
3 3 3 5  3 3 3 5  
3 3 3 3  3 3 3 3  
3 3 3 2  3 3 3 2  4 4 2 2  
3 3 3 2  3 3 3 2  
3 2 3 3  3 2 3 3  
2  3  4  4  1 2 4 5  2 2 5 5  
2  2  4  5  2 2 4 5  2  2  4  5  
3 3 2 4  3 3 2 4  
2 3 3 4  2 3 3 4  2 2 5 4  
2  3  3  4  2 3 3 4  2 2 3 4  
2 3 3 5  1 1 4 5  2 2 4 4  
2 2 3 5  2 2 4 5  
3 2 3 5  3 2 3 5  
3 2 3 3  2 2 5 4  2 2 4 4  
2 2 3 3  4 4 2 2  
2 2 3 3  2 2 3 3  2  2  3  3  
3 2 3 4  3 2 3 4  3 2 3 4  
2 2 4 4 2 2 4 4 2 2 4 4 
2 3 4 5  2 3 4 5  
2 3 3 4  2 3 3 4  
2 3 4 5  2 3 4 5  
3 3 3 4  3  3  3  4  
3 3 3 3  3 3 3 3  
to 
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER 
ID SPECIES 
137 Psidiun ouaiava L. 
138 Psvchotria earthaginensis Jacq. 
139 Psvchotria pubescens Su. 
140 Pteroearpus havesii Hemsl. 
141 Quercus oocaroa Liebm. 
142 Quercus seemanni i Liebm. 
143 Randia armata (Sw.) D.C. "Xx 
144 Randia karstenii Potak. 
145 Randia subcordata Standi. 
146 Raoanea ferruainea (R. & P.) Hez 
147 Raoanea pellucido-punctata (Oerst.) Hez 
148 Rhus striata Ruiz & Pavon 
149 Rivina himilis L. 
150 Roupala montana Aubl. 
151 Ruellia paniculate L. 
152 Russelia verticil lata H.B.K. 
153 Saoiun thelocarpum Schum. & Pitt. 
154 Schizolobium parahvfaun (Veil.) Blake 
155 Sciadodendron excelsun Griseb. 
156 Sideroxvlon persimile (Hemsl.) Penn. 
157 Siparuna oriseo-flavescens Perkins 
158 Sloanea brenesii Standi. 
159 Sloanea terniflora (Hoc.& Sesse) Standi. 
160 Solanum brenesii Morton & Standi. 
161 Sorocea trophoides U. Burger 
162 Soondias monfain L. 
163 Soondias radlkoferi J. Bonn. Sm. 
164 Stenroadenia alfari Dom. Sm. 
SYNECOLOGICAL COORDINATES 
INTRODUCED SPECIES ADJUSTED ADJUSTED 
INITIAL bh-P bh-T I 
FAMILY TYPE M N H L  H N H L H N H L 
Hyrtaceae 1 2 3 3 5 2 3 3 5 2 3 3 5 
Rubiaceae 1 2 3 3 3 2 3 3 3 
Rubiaceae 3 2 3 4 3 2 3 4 
Fabaceae/PapiIionoideae 1 3 3 3 3 3 3 3 3 
Fagaceae 1 3 3 2 5 3 3 2 5 
Fagaceae 1 3 3 2 4 3 3 2 4 
Rubiaceae 2 2 2 2 3 2 2 2 3 2 2 2 3 
Rubiaceae 2 2 2 3 3 3 3 2 1 1 5  5  
Ridiiaceae 1 2 2 3 3 2 2 3 3 4 4 2 2 
Hyrsinaceae 1 3 2 3 4 3 2 3 4 
Hyrsinaceae 1 2 3 3 4 1 1 4 5 2 3 3 4 
Anacardiaceae 1 3 3 3 4 3 3 3 4 
Phytolaccaceae 2 2 2 3 2 2 2 3 
Proteaceae 1 3 3 3 4 3 3 3 4 2 2 4 4 
Acanthaceae 1 1 4 5 1 1 4 5 
Scrophulariaceae 2 2 3 4 2 2 3 4 
Euphorbiaceae 1 3 3 3 3 3 3 3 3 3 3 3 3 
Fabaceae/CaesaIpinioidea 1 3 3 4 5 3 3 4 5 
Araliaceae 1 2 3 4 5 2 3 4 5 
Sapotaceae 1 3 3 3 4 3 3 3 4 
Monimiaceae 2 2 3 2 2 2 3 2 2 2 3 2 
Elaeocarpaceae 1 3 3 2 3 3 3 2 3 
Elaeocarpaceae 1 2 3 4 5 4 4 2 2 
Solanaceae 3 3 3 4 1 1 4 4 2 2 4 5 
Moraceae 1 3 3 3 3 3 3 3 3 
Anacardiaceae 1 3 3 4 5 3 3 4 5 
Anacardiaceae 1 3 3 4 5 3 3 4 5 
Apocynaceae 1 4 3 3 3 4 3 3 3 
SYNECOLOGICAL COORDINATES 
TYPE = 1 TREE 2 SHRUB 3 HERB 4 LIANA 5 OTHER (*) INTRODUCED SPECIES ADJUSTED ADJUSTED 
INITIAL bh-P bh-T A 
ID SPECIES FAMILY TYPE H N H L M N H L H N H L 
165 Stemnadenia donnell-smithii (Rose) Woodson Apocynaceae 1 2 3 4 4 2 3 4 4 3 3 3 4 
166 Stemnadenia glabra Benth. Apocynaceae 1 2 3 3 4 2 3 3 4 
167 Swartzia picrsnnoides Standi.& Uns. Fabaceae/Caesalpinioidea 1 2 3 3 4 4 4 2 2 
168 Swartzia simplex (Sw.) Sprenq. F abaceae/CaesaIp i n i o idea 1 2 3 3 3 2 3 3 3 
169 Svnchonia qlobulifera L.f. Clusiaceae 1 3 3 2 3 3 3 2 3 
170 Svzvaiun jantos (L.) Alston (*) Hyrtaceae 1 2 3 2 4 2 3 2 4 3 3 2 3 
171 Tabebuia rosea (Vertol.) D.C. Bignoniaceae 1 3 3 4 5 3 3 4 5 2 2 4 4 
172 Taoirira brenesii Standi. Anacardiaceae 1 3 3 3 4 3 3 2 3 
173 Tecoma s^ ans CL.) H.B.K. Bignoniaceae 1 2 2 4 5 2 2 4 5 
174 Terminalia oblonqa (R. L. & P.) Stendal. Contretaceae 1 3 3 3 4 3 3 3 4 
175 Thouinidium decandrun (H.& B.) Radlk. Sapindaceae 1 2 3 4 4 2 3 4 4 4 4 2 2 
176 Tournefortia qlabra L. Boraginaceae 2 2 2 3 4 2 2 3 4 
177 Trichilia havanensis Jacq. Heliaceae 1 3 3 4 5 3 2 3 4 3 3 3 3 
178 Trichilia martiana C.D.C. Heliaceae 1 2 3 4 4 2 2 5 4 2 2 4 5 
179 Troohis racemosa (L.) Urban Horaceae 1 3 3 3 2 3 3 3 2 3 3 3 2 
180 Turoinia occidental is (Sw.) G. Don. Staphyleaceae 1 3 3 3 3 3 3 3 3 
181 Ulmus mexicana (Lieb.) Planchon Ulmaceae 1 3 3 2 4 3 3 2 4 
182 Urera baccifera (L.) Gauld. Urticaceae 1 3 3 3 3 12 4 5 
183 Vernonia gagns H.B.K. Asteraceae 2 3 1 3 5 3 1 3 5 
184 Vismia quianensis (Aubl.) Pers. Clusiaceae 1 3 2 4 5 3 2 4 5 3 2 4 5 
185 Xvlostna velutinun Triana & Planch. Flacourtiaceae 2 2 2 3 4 2 2 3 4 
186 Zanthoxvlun elephantiasis Hacfad. Rutaceae 1 3 3 3 4 2 2 5 4 3 3 3 4 
187 Zanthoxvlum limoncello Planch. & Oerst. Rutaceae 1 3 3 3 2 3 3 3 2 
188 Zanthoxvlum microcarpun Griseb. Rutaceae 1 3 3 3 4 1 1 4 5 1 1 5  5  
189 Zanthoxvlun monophyllum (Lam.) P.Wilson Rutaceae 1 3 3 3 4 3 3 3 4 3 3 3 4 
190 Zanthoxvlun sefulosum P. Wilson Rutaceae 1 3 3 3 4 3 3 3 4 
Plants not showing adjusted synecological coordinate values were not present in that life zone or found in fewer than six plots. 
Plants identified only to genus Type 
1 Aaave so. Liliaceae 3 
2 Aohelandra so. 1 Acanthaceae 2 
3 Aohelandra so. 2 Acanthaceae 2 
4 Bactris so. (oalma) Arecaceae 5 
5 Cestrim so. Solanaceae 2 
6 Cestrum so. Solanaceae 2 
7 Chamaedorea so. (oalma) Arecaceae 5 
8 Chusouea so. Poaceae 2 
9 Citrus so. (•) Rutaceae 1 
10 Coccoloba so. Polygonaceae 1 
11 Desmodium so. Fabaceae/PapiIionoideae 4 
12 Euaenia so. 1 Hyrtaceae 2 
13 Euaenia so. 2 Hyrtaceae 1 
14 Faramea so. Rubiaceae 2 
15 Ficus sp. 1 Horaceae 1 
16 Ficus so. 2 Horaceae 1 
17 Ficus so. 3 Horaceae 1 
18 Heliconia so. Heliconiaceae 3 
19 Inqa sp. 1 F abaceae/H itnoso i deae 1 
20 Inqa sp. 2 Fabaceae/H imosoideae 1 
21 Inqa sp. 3 Fabaceae/Himosoideae 1 
22 Honstera so. Araceae 3 
23 Hvrcia so. Hyrtaceae 2 
24 Nectandra so. 1 Lauraceae 1 
25 Nectandra so. 2 Lauraceae 1 
26 Ocotea so. Lauraceae 1 
27 Palicourea so. Rubiaceae 2 
28 Phoebe so. Lauraceae 1 
29 Pioer so. 1 Piperaceae 2 
30 Piper sp. 2 
31 Piper sp. 3 
32 Piper sp. 4 
33 Pouteria sp. 1 
34 Pouteria sp. 2 
35 Pouteria sp. 3 
36 Protiutn sp. 
37 Psidium sp. 
38 Psvehotria sp. 1 
39 Psvehotria sp. 2 
40 Psvehotria sp. 3 
41 PsvQuria sp. 
42 Rauvolfia sp. 
43 Sapranthus sp. 
44 Selaaineila sp. 
45 Seriania sp. 
46 Sitiilax sp. 
47 Strvchnos sp. 
48 Tabebuia sp. 
49 Triehilia sp. 
Plants identified only to family 
Trees 
lYEc 
Piperaceae 2 
Piperaceae 2 
Piperaceae 2 
Sapotaceae 1 
Sapotaceae 1 
Sapotaceae 1 
Burseraceae 1 
Myrtaceae 1 
Rubiaceae 2 
Rubiaceae 2 
Rubiaceae 1 
Cucurbitaceae 4 
Apoeynaceae 2 
Annonaceae 1 
Division Lycopodiophyta 3 
Sapindaceae 4 
Liliaceae 4 
Logan iaceae 4 
Bignoniaceae 1 
Netiaceae 1 
# SOP 
Anacardiaceae 1 
Annonaceae 2 
Asteraceae 1 
Euphorbiaceae 1 
Flacourtiaceae 2 
Lauraeeae 4 
Myrtaceae 1 
Polygonaceae 
Unknown 
Shrubs Acantaceae 
Arecaceae 
Asteraceae 
Euphorbiaceae 
Fabaceae 
Flacourtiaceae 
Helastomaceae 
Rubiaceae 
Solanaceae 
Verbenaceae 
Herbs Araceae 
Broniel iaceae 
Cyperaceae 
Dvn. Pteridophyta 
Poaceae 
Lianas Araceae 
Bignoniaceae 
Dilleniaceae 
Euphorbiaceae 
Hatpighiaceae 
Rubiaceae 
Sapindaceae 
Unknown 
1 
7 
3 
1 
3 
1 
1 
1 
1 
6 
1 
1 
4 
1 
2 
3 
4 
1 
2 
6 
Total 67 
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APPENDIX D 
FORMS TO CALCUIATE SITE SYNECOLOGICAL SCORES 
Equations used to developed each form can be found at 
the bottom of the form. 
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Table 1. Calculation of site moisture synecological 
score. Tropical premontane moist forest 
(bh-P) 
FACTOR CLASS ADD 
SOIL Ah, Iw, Eu -69 
Ix, Im 0 
HEAT Warm-cool -34 
Anything else 0 
SLOPE POSITION Shoulder 48 
Otherwise 0 
SOIL TEXTURE Fine silty -22 
Loam -115 
Otherwise 0 
SOIL O.M. < 10% -34 
> 10% 0 
SOIL MOISTURE Moist 59 
Otherwise 0 
+ 254 = 
/ 100 = 
This table was obtained from the equation shown below: 
M = 2.544 - 0.688 (SOIL) - 0.340 (HEAT) + 0.478 
(SLOPE) - 0.222 (TEXTURE A) - 1.149 (TEXTURE B) -
0.342 (ORG. MATTER) + 0.593 (MOISTURE) 
n = 18 R' =0.96 MSE = 0.024 
120 
Table 2. Calculation of site nutrient synecological 
score. Tropical premontane moist forest 
(bh-P) 
FACTOR CLASS ADD 
SOIL Ah, Iw, Eu -61 
Ix, Im 0 
HEAT Warm-cool -57 
Anything else 0 
SLOPE POSITION Shoulder 40 
Otherwise 0 
SITE ASPECT NE - SE -27 
SE - SW 30 
Otherwise 0 
SOIL TEXTURE Loam -96 
Otherwise 0 
SOIL MOISTURE Moist 65 
Otherwise 0 
+ 232 = 
/ 100 = 
This table was obtained from the equation shown below; 
N=2.321 - 0.612 (SOIL) - 0.567 (HEAT) + 0.394 (SLOPE) 
- 0.267 (ASPECT A) + 0.296 (ASPECT B) - 0.957 
(TEXTURE) + 0.648 (MOISTURE) 
n = 18 R: = 0.95 MSE = 0.019 
121 
Table 3. Calculation of site heat synecological 
score. Tropical premontane moist forest 
(bh-P) 
FACTOR CLASS ADD 
SOIL Ah, Iw, Eu -69 
Ix, Im 0 
HEAT Cool-warm -36 
Anything else 0 
SLOPE POSITION Concave 23 
Otherwise 0 
SITE ASPECT NE - SE 16 
Otherwise 0 
SOIL TEXTURE Loam 36 
Otherwise 0 
SOIL DEPTH Moderate 17 
Otherwise 0 
+ 294 = 
/ 100 = 
This table was obtained from the equation shown below: 
H = 2.944 + 0.691 (SOIL) - 0.358 (HEAT) + 0.226 
(SLOPE) + 0.162 (ASPECT) + 0.364 (TEXTURE) + 
0.166 (DEPTH) 
n = 18 R' = 0.96 MSE = 0.015 
122 
Table 4. Calculation of site light synecological 
score. Tropical premontane mosit forest 
(bh-P) 
FACTOR CLASS ADD 
SOIL Ah, Iw, Eu 106 
Ix, Im 0 
HEAT Warm - cool 72 
Anything else 0 
SLOPE POSITION Footslope —45 
Otherwise 0 
SLOPE SHAPE Concave 53 
Otherwise 0 
SITE ASPECT NE - SE 48 
Otherwise 0 
SOIL TEXTURE Fine silty -40 
Otherwise 0 
SOIL COMPACTION < 15 cm 25 
Otherwise 0 
+ 302 = 
/ 100 = 
This table was obtained from the equation shown below: 
L = 3.025 + 1.058 (SOIL) + 0.717 (HEAT) - 0.449 
(SLOPE) + 0.528 (SHAPE) + 0.478 (ASPECT) - 0.401 
(TEXTURE) + 0.252 (COMPACTION) 
n = 18 R: = 0.97 MSE = 0.018 
123 
Table 5. Calculation of site moisture synecological 
score. Tropical moist forest (bh-TA) 
FACTOR CLASS ADD 
SOIL Iw, Eu, Ut 59 
Ah 0 
HEAT Warm-cool 1 H
 
Anything else 0 
SLOPE POSITION Footslope 49 
Otherwise 0 
SOIL TEXTURE Fine clay 33 
Fine silty 36 
Otherwise 0 
SOIL O.M. < 10% 18 
> 10% 0 
SOIL MOISTURE Moist 30 
Otherwise 0 
+ 197 = 
/ 100 = 
This table was obtained from the equation shown below: 
M = 1.966 + 0.589 (SOIL) - 0.408 (HEAT) + 0.491 
(SLOPE) + 0.332 (TEXTURE A) + 0.362 (TEXTURE B) + 
0.176 (ORG. MATTER) + 0.297 (MOISTURE) 
n = 62 R: = 0.71 MSE = 0.087 
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Table 6. Calculation of site nutrient synecological 
score. Tropical moist forest (bh-TA) 
FACTOR CLASS ADD 
SOIL Iw, Eu, Ut 62 
Ah 0 
HEAT Warm-cool -42 
Anything else 0 
SLOPE POSITION Footslope 49 
Otherwise 0 
SOIL TEXTURE Fine clay 31 
Fine silty 34 
Otherwise 0 
SOIL O.M. < 10% 19 
> 10% 0 
SOIL MOISTURE Moist 27 
Otherwise 0 
+ 197 = 
/ 100 = 
This table was obtained from the equation shown below: 
N = 1.974 + 0.621 (SOIL) - 0.425 (HEAT) + 0.487 
(SLOPE) + 0.309 (TEXTURE A) + 0.339 (TEXTURE B) + 
0.188 (ORG. MATTER) + 0.274 (MOISTURE) 
n = 62 R: = 0.70 MSE = 0.089 
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Table 7. Calculation of site heat synecological 
score. Tropical moist forest (bh-TA) 
FACTOR CLASS ADD 
SOIL Iw, Eu, Ut -36 
Ah 0 
HEAT Warm-cool 36 
Anything else 0 
SLOPE POSITION Footslope -47 
Otherwise 0 
SITE ASPECT NE - SE 19 
Otherwise 0 
SOIL TEXTURE Fine silty -21 
Otherwise 0 
SOIL O.M. < 10% -24 
> 10% 0 
SOIL MOISTURE Moist 1 w H
 
Otherwise 0 
+ 366 = 
/ 100 = 
This table was obtained from the equation shown below: 
H = 3.664 - 0.363 (SOIL) + 0.358 (HEAT) - 0.471 
(SLOPE) + 0.192 (ASPECT) - 0.207 (TEXTURE) -
0.237 (ORG. MATTER) - 0.308 (MOISTURE) 
n = 62 R: = 0.61 MSE = 0.086 
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Table 8. Calculation of site light synecological 
score. Tropical moist forest (bh-TA) 
FACTOR CLASS ADD 
SOIL Iw, Eu, Ut -79 
Ah 0 
HEAT Warm-cool 69 
- Anything else 0 
SOIL DEPTH Shallow -35 
Otherwise 0 
SOIL MOISTURE Moist -38 
Otherwise 0 
•f 411 = 
/ 100 = 
This table was obtained from the equation shown below: 
L = 4.115 - 0.789 (SOIL) + 0.687 (HEAT) - 0.346 
(DEPTH) - 0.385 (MOISTURE) 
n = 62 R: = 0.64 MSE = 0.121 
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APPENDIX E 
ECOGRAPHS 
Ecographs for 10 plant species in bh-TAlw are 
presented. The key for the ecographs is located at the 
right bottom corner of the following page. The dashed 
area in the key represents the portion of the edaphic and 
climatic field for the bh-TA that is occupied by the BSU 
Iw. 
Alblzzia adinocephala Casearia commersonlana 
Desmopsis bibracteala 
Luehea speclosa 
Phoebe brenesll 
Garclnia Intermedia 
Trichllla havanensis 
Frequency |MI 1-40% 
S 41-70% 
•i 71 -100% 
Clarlsia blflora 
Manllkara chicle 
Solanum brenesll 
EDAPHIC FIELD 
bh-T Alw 
CUMATIC FIELD 
1  2 3 4  5 1 2 3 4 s  
Moisture Heal 
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OVERALL SUMMARY 
A method for forest site quality assessment was 
developed for use in tropical areas. It established a 
statistical relation between site synecological 
coordinate scores, as environmental quantifiers, and site 
physiognomic characteristics. This relation can be used 
to predict species with good potential growth for a given 
site. The method was tested with data from Costa Rica, 
and results indicate that the method could be of 
practical use for foresters in Costa Rica and other 
tropical countries. 
To develop the method, basic theoretical 
considerations were made. I proposed that new units of 
ecological research, stratification by climate and soil, 
provide a more reasonable framework for communication and 
utilization of research results among ecologists. Also, 
this type of unit provides an easy way of mapping 
vegetation trends. Within this basic unit of research, 
the method of synecological coordinates (MSG) was used to 
develop environmental quantifiers. 
Theoretical considerations were stated in light of 
current practices in ecological studies, and a comparison 
of the MSG with three ordination techniques was 
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performed. Results showed that the MSG provided an 
easier way to classify sampling units and plant species 
in the ecosystem space. 
A computer program, SYCOOR, was developed to 
facilitate the use of the MSG. 
Final remarks 
In 1987, a group of forest biometricians, including 
me, met in San José, Costa Rica, and decided that site 
quality assessment studies had to be a high priority 
research topic. At that time, no objectives for such 
studies were established; however, no one seemed to think 
beyond the need for having information on forest growth 
and yield, i.e., information on site productivity. This 
might have been due to the trend in Gosta Rica of using 
only one tree species in reforestation programs, 
disregarding natural forests. 
The lack of knowledge about the performance of native 
tree species under natural environments has resulted in a 
focus on only a few tree species grown in plantations, 
the majority of which are exotic. But natural forests 
produce more than wood. They produce other goods, such 
as medicines, a constant supply of water, clean air. 
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ornamental plants, and some fauna for food production. 
Therefore, there is a greater need to develop new 
techniques to manage natural forests than plantations. 
Site quality assessment is a key element in forest 
management. Forest managers need to know the 
environments in which tree species grow, and then, they 
need to know how fast the trees grow in those 
environments under different silvicultural treatments. 
Because a forest site is a point in time and space, 
we need to understand the developments in the ecosystem 
that allow that site to exist. In other words, we need 
to understand the relationship between two systems, the 
above ground environment and the soil substrate. These 
two systems are coupled and potentially can be 
manipulated by man. As Buol et al. (1989, p. 134) put 
it, "...The ecosystem approach to the study of genesis of 
soils and of response of soils to management helps to 
link theory to actual landscapes." 
The above ground environment is not easily altered; 
however, it can be modified by extensive and massive 
human intervention. 
The soil substrate is an open system. We can, add 
things to, or subtract from, it. Jenny (1941) defined 
soil as those portions of the solid crust of the Earth 
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the properties of which vary with soil-forming factors, 
as formulated by the equation: 
s = f(cl, o, r, p, t, ...) 
where cl = climate 
o = organisms 
r = topography or relief 
p = parent material 
t = time 
... = additional soil formers that might be 
included. 
This equation shows that a given soil property is 
determined by the magnitude of the factors listed in 
parentheses. For example, from tg to t^ (from parent 
material to any point in time beyond t^), two different 
soil types might be developed from the same parent 
material by changing the climate. 
Buol et al. (1989) present an interesting discussion 
on soil genesis within the ecosystem concept. A 
discussion, though, on how man can alter the formation of 
soil by altering the above ground environment can be more 
useful for understanding how site quality is modified. 
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When a pristine forest is disturbed, the equilibrium^ 
between the above ground environment and the soil 
substrate is disturbed. If the disturbance is not 
excessive, a new equilibrium, similar to the original, 
will be achieved over time; therefore, soil properties 
will remain about the same. But, if the disturbance is 
excessive, the new equilibrium, which will be achieved 
over time will produce a different soil, which might have 
very different properties compared to the original soil. 
Putting the process of soil development in relation 
to the above ground environment along a time coordinate, 
I view this process as in Figure 1. Phase [A], from 
parent material to mature soil, often takes a very long 
time. In this phase, when parent material is exposed to 
a new environment, a series of processes and changes in 
its properties leads towards an equilibrium with the new 
surroundings. When an equilibrium is reached, the parent 
material has become a mature soil. 
In phase [B], the mature soil becomes immature due to 
a series of isolated human interventions. Two different 
scenarios of human intervention can occur during this 
^Equilibrium refers to a "dynamic balance". Its is not a 
static stage. In nature, everything changes. The 
magnitude of the change depends upon the time frame under 
consideration. 
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PARENT 
MATERIAL stable stage 
(A) soil forming processes 
V 
SOIL 
(mature) stable stage, 
A 
(C) (B) human Intervention 
V 
SOIL 
(Immature) 
(E) under 
agriculture or 
grazing 
undisturbed 
SOIL 
(mature) 
SOIL 
(Immature) stable stage unstable stage, 
Figure l. Soil development, in relation to the 
above ground environment 
phase. First, the human intervention might be brief and 
not too intensive, as in the case of migratory 
agriculture or shifting cultivation practiced by 
aborigines in tropical America. Under this scenario, 
natural processes eventually will result in a soil that 
may be similar to the previous mature soil (phase [C]). 
Secondly, the human intervention can be very severe and 
extensive. If the site is left alone after disturbance a 
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different natural landscape will form that will later be 
in equilibrium with a soil that would be different from 
the previous mature soil (phase [D]). 
During phase [E], long term human intervention, 
exogenous agents, such as fertilizers, are required to 
maintain site productivity. Continuing intervention can 
lead to a permanently immature soil. If the form of 
intervention changes from an exploitive orientation to a 
soil building orientation (phase [F]), the soil may 
stabilize and be productive for a long time without 
costly human inputs. 
As can be seen from Figure 1, soil, as a major 
component of site quality, can be manipulated in 
different ways by altering the above ground environment. 
Some ways are expensive, costly, and harmful in the long 
run for the whole ecosystem, and some use natural 
processes to maintain the quality of land. Which way is 
taken is a matter of thinking of ourselves today or of 
our children of tomorrow. The answer is not easy, and it 
is not in black and white. But understanding natural 
developments from a dialectic perspective is of a key 
importance for good management. 
Tropical forest management is not only a job for 
foresters but also for other professionals in related 
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fields. Research in tropical forests, and particular in 
assessing the quality of land, requires the involvement 
of many disciplines, such as edaphology, ecology, 
biology, climatology, hydrology, and anthropology. 
The final intention of the methodology for assessing 
site quality in tropical ecosystems is to provide new 
elements that permit a better understanding of tropical 
forest resources. Therefore, it provides the possibility 
of developing appropriate management programs that insure 
the use of more native tree species to satisfy the needs 
of local people without hurting the resource for the use 
of the following generations. 
The forest is not just a group of trees, bushes, and 
herbs in a particular site. It is something else that we 
have to discover. It is something else that we have to 
learn from, and understand as a whole. Therefore, the 
interactions between plants and environment (including 
man), under a competition scenario, become the elements 
that should be studied. That is synecology, and it 
should provide new elements for a better use of tropical 
forests. 
The learning process continues. 
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